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ABSTRACT 


This  thesis  reports  the  influence  of  (2-chloroe thy  1)  tri- 
me thy lammonium  chloride  (CCC)  on  the  early  yields  of  Ly coper s icon 
esculentum  L.,  on  the  sex  expression  of  Cucumis  sat ivus  L., 
and  on  some  morphological  effects  and  the  chlorophyll  and  phos¬ 
phorus  content  of  tomatoe  leaves. 

It  was  found  in  the  field  experiments  that  CCC  applied  to 
tomato  plants  (Early  Alberta),  as  a  soil  drench  10  days  before, 
and  again  at  field  setting  time,  increased  the  early  tomato 
yields  50%  compared  to  control. 

In  the  greenhouse,  similar  results  were  observed  with  the 
Tuck  Queen  variety  when  CCC  was  applied  as  a  soil  drench. 

Foliar  applications  increased  the  early  yields  four  times  com¬ 
pared  to  control  in  the  first  two  weeks  of  harvest. 

CCC  applications  increased  the  flower  number  in  the  first 
cluster  in  both  varieties,  and  in  most  cases  the  first  flower 
cluster  appeared  at  a  lower  node  number. 

The  number  of  days  from  germination  to  the  first  inflores¬ 
cence  was  reduced  by  5  days  as  a  result  of  CCC  foliar  treatments. 
The  treatments  also  increased  the  production  of  p ar t heno car p ic 
fruit  in  the  greenhouse  experiments. 

The  height  of  the  plants  was  reduced  in  both  varieties  and 
root  development  was  reduced  when  the  plants  were  treated  with 
500  ppm  CCC  as  a  soil  drench.  In  both  cases,  the  magnitude 
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of  the  effect  increased  as  the  CCC  concentrations  were  in¬ 
creased  . 

The  chlorophyll  content  increased  as  a  result  of  CCC 
applications  and  total  phosphorus  content  of  tomato  leaves 
appeared  to  be  decreased  due  to  CCC  treatments. 

Field  experiments  involving  the  application  of  CCC  to 
three  varieties  of  cucumber,  did  not  produce  any  observable 
difference  between  treated  and  untreated  plants.  Greenhouse 
experiments,  however,  with  two  varieties  (Marketer  and  Hybrid 
Burpee)  indicated  some  measurable  differences. 

The  number  of  pistillate  flowers  did  not  increase,  but 
the  staminate  flower  formation  was  strongly  inhibited  in  both 
varieties.  The  yield  was  not  affected  when  CCC  was  applied 
at  low  concentrations,  but  high  concentrations  reduced  the 
total  yields  50%  compared  to  the  control. 

The  height  of  the  CCC  treated  plants  was  significantly 
reduced  at  all  concentrations  used.  The  measurable  differences 
in  height  were  much  greater  in  winter  than  in  summer. 
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I.  INTRODUCTION 


Any  chemical  treatment  that  is  capable  of  inducing  earlier 
yields  or  increasing  the  total  yields  of  tomatoes  and  cucumbers, 
could  be  of  considerable  importance  to  the  vegetable  industry, 
particularly  in  those  regions  where  a  comparatively  short  growing 
season  is  an  important  limiting  factor  in  production. 

Recent  findings  have  shown  that  crop  yields  and  the  quality 
of  plants  may  be  affected  directly  by  the  use  of  appropriate 
growth  regulators. 

One  such  growth  regulator  (2-chloroethyl)  tr ime thy lammonium 
chloride  (CCC)  has  been  shown  to  modify  the  growth  and  develop¬ 
ment  of  tomato  plants  (50).  For  example,  flowering  was  three 
to  ten  days  earlier  and  the  stem  height  to  the  first  flower 
cluster  was  greatly  reduced.  The  plants  were  stockier  and  darker 
green  in  color.  The  flower  number  on  the  first  inflorescence 
was  increased  (50).  CCC  has  also  been  reported  to  increase  the 
number  of  pistillate  flowers  of  cucumber  plants  (37). 

This  thesis  deals  with  some  effects  of  (2-chloroethyl)  tri- 
me thylammonium  chloride  (CCC)  on  tomatoes  and  cucumbers. 

The  two  major  objectives  of  the  investigation  were  to  deter¬ 
mine,  under  Alberta  growing  conditions,  the  effect  of  CCC  on: 

1)  The  growth  and  development  of  tomatoes. 

2)  The  growth  and  sex  expression  of  cucumbers. 
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II.  REVIEW  OF  LITERATURE 


A.  HISTORY  OF  CCC. 

In  1960  a  new  group  of  quaternary  ammonium  compounds  was 

reported  by  Tolbert  (43).  The  most  active  compound  was  (2-chloro- 

ethyl)  t rime thy lammonium  chloride  (CCC).  This  chemical  retarded 

the  growth  of  a  larger  number  of  species  than  any  of  the  earlier 

compounds.  One  chemical  related  to  this  group  had  been  reported 

previously  by  Schweiner  and  Reed  in  1908  (31).  They  noted  that 

plants  were  injured  when  grown  in  solutions  containing  25  ppm  of 

(ethyl)  trimethy lammonium  bromide,  and  were  killed  by  250  pppi  of 

this  compound.  However,  no  other  experiments  were  reported  v/ith 

% 

plants  until  1960  (43).  ( 2-Chloroethy 1)  trimethy lammonium  chlo¬ 

ride  is  an  analog  of  choline,  and  in  that  the  hydroxy  group  was 
replaced  with  a  choline  substitute.  Its  name  was  chlor ocholine 
chloride,  abbreviated  to  CCC,  and  it  is  now  marketed  commercially 
under  the  name  of  Cycocel. 


B.  CHEMICAL  AND  PHYSICAL  PROPERTIES  OF  CCC. 

CCC  is  a  stable  white  solid,  soluble  in  water  and  lower  alco¬ 
hols.  Its  empirical  formula  is  C^  H^3  ^2  ^  (44),  and  the  struct¬ 
ural  formula  is  as  follows: 

H  H  CH3+ 

Cl  C  C  N  CH3+.Cl" 

H  H  CH3 

The  molecular  weight  is  158.1  and  it  has  a  melting  point  of  245°C 
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(decomposition)  (37).  CCC  is  formulated  as  a  50%  (W/V)  aqueous 
solution  which  is  chemically  stable  and  retains  its  biological 
effectiveness.  It  does  not  present  health  hazards  in  research 
work  and  is  phytotoxic  only  if  applied  in  a  very  high  dosage  and 
its  mammalian  toxicity  is  also  relatively  low.  It  persists  in 
soil  for  one  crop  only  or  less.  Steam  sterilization  eliminates 
the  chemical,  thus  treated  soils  can  be  safely  re-used.  Mitchell 
suggested  that  micro-organisms  also  caused  the  destruction  of 
CCC  in  root  medium  (25). 


C.  METHOD  OF  APPLICATION  OF  CCC. 

The  chemical  is  most  effective  when  applied  to  actively 
growing  plant  parts.  To  date  the  most  efficient  utilization  has 
been  through  the  roots,  applied  as  a  soil  drench  or  by  direct  in¬ 
corporation  in  the  soil.  Seed  treatment,  in  certain  cases,  has 
also  been  reported  as  successful  (41).  Tiessen  (40)  has  reported 
the  application  of  foliar  spray  on  peppers  and  tomatoes,  without 
reducing  the  height  of  the  plants.  Cathey  and  Stuart,  working 
with  poinsettias ,  obtained  results  with  the  spray  application 
similar  to  those  obtained  by  soil  drenches. 

Tolbert  (44)  treated  wheat  plants  with  CCC,  and  noted  that 
when  the  chemical  was  applied  as  a  spray,  it  was  less  affective 
than  the  drench  application  at  the  same  molarity.  He  suggests 
that  the  reason  for  this  is  the  fact  that  large  volumes  of  dilute 
solutions  could  be  applied  to  the  soil  as  a  more  continuous  source. 
When  he  placed  seeds  on  filter  paper  overnight,  moistened  with  an 
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aqueous  solution  of  CCC,  and  planted  them  the  following  morning 
in  untreated  soil,  the  appearance  of  these  plants  was  similar  to 
that  obtained  from  the  treatment  of  seedlings. 

One  application,  or  at  the  most  two,  made  within  the  first 
weeks  of  growth  were  usually  sufficient  to  affect  the  plants 
until  maturity  (37). 

D.  PHYSIOLOGICAL  EFFECTS  OF  CCC  ON  PLANTS. 

1.  Flower  initiation  and  flower  quality. 

In  certain  plants  the  time  of  flower  initiation  is  greatly 
accelerated  by  growth  retardants.  Stuart  (35)  first  demonstrated 
that  the  application  of  the  growth  retardant  CCC,  caused  supp¬ 
ression  of  vegetative  growth  and  prompt  initiation  of  flower  buds 
in  rhododendrons.  These  results  were  confirmed  by  Cathey  and 
Taylor  (6)  who  observed  that  CCC  treated  plants  produced  abnormal 
inflorescences. 

Lindstrom  and  Tolbert  (22)  found  similar  abnormal  inflores¬ 
cence  results  in  studying  flower  formation  of  poinsettias  and 
chrysanthemums.  They  also  observed  less  wilting  during  growth 
and  improved  keeping  quality  of  the  flowers  after  flowering  (22). 

CCC  treatments  increased  the  keeping  quality  of  cut  flowers. 
Halevy  and  Wittwer  (16)  reported  that  overnight  immersion  of  the 
stem  bases  in  CCC  solutions  of  10,  50  and  100  ppm  levels,  signifi¬ 
cantly  increased  the  life  of  carnations  and  snapdragons  over  the 
control.  The  results  demonstrated  that  the  ageing  of  cut  flowers 
may  also  be  induced  by  appropriate  treatments  with  CCC.  The 
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effects  of  overnight  treatment  persisted  throughout  the  whole 
life  of  the  flower. 

Acceleration  of  flowering  was  observed  in  other  herbaceous 
plants  (1,40,41,50).  Tiessen  observed  that  tomato  seedlings 
treated  with  CCC  in  the  cotyledon  stage  (39),  flowered  earlier, 
and  produced  a  larger  number  of  flowers  in  the  first  inflores¬ 
cence  than  untreated  plants.  Treatments  also  promoted  flowering 
at  a  lower  node  than  that  which  occurred  on  untreated  plants. 

Flower  initiation  of  Bry ophy Hum  doigremont ianum  (54)  was 
fully  suppressed  by  the  application  of  CCC  and  related  compounds. 

Zeevaart  (53)  in  1964  reported  the  effects  of  CCC  on  a  short 
day  plant  -  Pharbit is  nil,  strain  violet.  Flowering  in  this 
short  day  plant  is  suppressed  by  soil  drench  of  CCC.  The  inhibi¬ 
tion  can  be  overcome  by  the  application  of  gibberellin  (GA).  When 
the  plant  is  grown  under  long  day  conditions,  CCC  promotes  flower¬ 
ing.  Available  evidence  suggests  that  CCC  inhibits  flower  forma¬ 
tion  in  Pharbit is  nil  by  inhibiting  cell  divisiqn  in  the  plumule 
during  the  period  when  the  floral  stimulus  is  present. 

According  to  Cathey  (4),  growth  retardants  apparently  pro¬ 
mote  flowering  by  modifying  activity  in  the  cambium.  This  results 
in  abnormal  types  of  cells  in  the  xylem  and  the  disappearance  of 
s c ler enchyma t us  cells  adjacent  to  the  cortex.  The  restriction  of 
growth  presumably  alters  the  metabolism  and  creates  conditions 
conducive  to  flower  initiation. 

2.  Effects  of  CCC  on  sex  expression. 


Wittwer  (37)  treated  Cucumis  sat ivus  var .  Marketer  with  CCC. 
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He  applied  100  mis.  of  solution  per  4"  pot  at  10  ^  -  10  ^  M 
concentrations,  and  reported  an  increase  in  the  number  of  female 
flowers.  Cathey  and  Stuart  (5,37)  mixed  4,  10  and  20  mg.  of  CCC 
per  cubic  foot  of  soil  to  test  the  reaction  of  the  Marketer 
cucumber  and  observed  only  retardation  of  plant  growth,  with  no 
affect  on  the  sex  ratio. 

Later,  several  modifications  of  CCC  were  used  to  study 
the  effects  on  growth  and  flowering  of  cucumber  plants.  Ota  (4) 
in  Japan,  used  (2-bromoethyl)  t r ime thy lammon ium  bromide  (BCB) 
and  Mitchell  (25)  used  allyltr imethy lammonium  bromide  (ANAB)  to 
retard  stem  elongation,  promote  lateral  shoot  development,  and 
alter  the  position  and  number  of  staminate  and  pistillate  flowers 
These  compounds  inhibited  staminate  flower  production,  greatly 
increased  pistillate  flower  formation  and  occasionally  promoted 
the  formation  of  hermaphroditic  flowers.  The  node  locations 
of  the  first  pistillate  flower  and  the  first  continuous  pistil¬ 
late  flower  were  lowered  as  compared  with  the  position  on  un¬ 
treated  plants.  As  a  result  of  the  chemical  modifications  of 
the  plant,  the  position  of  the  first  tendril  and  the  first  pisti¬ 
llate  flower  were  negatively  correlated. 

Mitchell  (25)  suggested  that  growth  retardants  were  not 
causal  agents  of  flower  sex  expression,  but  that  t he  ,  inf luence 
may  be  a  result  of  regulated  vegetative  growth. 

3.  Chemical  composition. 


Treatment  of  barley  seedlings  (4)  with  CCC  altered  the  trans 
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location  of  phosphorus.  Tolbert  reported  that  30%  of  total  solu¬ 
ble  phosphorus  in  plant  roots  and  leaves  is  present  as  phosphoryl- 
choline.  The  application  of  CCC  to  the  nutrient  solution  24  to 
72  hours  before  the  addition  of  P32  reduced  its  specific  activity 
in  leaves  75  to  95%  in  comparison  with  plants  growing  in  water,  or 

comparable  molarities  of  sodium  chloride  or  manitol.  The  total 
32 

P  in  the  CCC  treated  seedlings  was  three  to  four  times  as  large, 
primarily  because  of  the  great  increase  of  P32  in  the  roots. 

In  tobacco  plants,  Humphries  (19)  reported  an  increased  chloro¬ 
phyll  content,  both  per  leaf  and  per  unit  area,  and  increased  dry 
weight  per  unit  area.  Norris  (28)  also  reported  increased  chloro¬ 
phyll  content  in  grass  leaves  due  to  CCC  treatment.  Corn  seedlings 
grown  in  a  CCC  solution  had  a  higher  chlorophyll  content  than  seed- 
lings  grown  in  a  solution  without  CCC.  This  effect  appeared  to 
be  due  to  an  increased  rate  of  proto-chlorophyll  synthesis. 

Miller  (25)  observed  that  CCC  treatment  significantly  increased 
the  chlorophyll  content  of  barley. 

4.  Increased  resistance  to  chemical  and  physical  changes  and 

diseases , 

Halevy  (14)  reported  in  1963  increased  tolerance  of  bean  plants 
to  soil  drought,  by  means  of  growth  retarding  substances.  He  treated 
wax  beans  with  CCC  and  phosfon.  The  seedlings  were  grown  in  a  con¬ 
tainer  and  the  chemical  was  applied  by  drench  application,  250  ml. 
containing  50  mg.  phosfon  or  500  mg.  CCC.  Control  leaves  began 
to  fall  off  after  9  days,  whereas  CCC  treated  plants  remained 
turgid  for  30  days.  Leaves  of  phosfon  treated  plants  started  falling 
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42  days  after  the  last  watering.  After  42  days  the  soil  moisture 
was  4.36%  (phosfon),  3.98%  (CCC)  and  3.62%  in  control. 

Wunsche  and  Wittwer  (52)  also  observed  differences  with  water 
requirements.  Potometer  experiments  with  bean  plants  treated  with 
CCC  revealed  that  water  uptake  per  unit  leaf  area  was  reduced  by 
one  half.  Similar  results  were  obtained  with  wheat  and  barley. 

The  differences  in  water  requirements  became  apparent  within  1 
day  after  treatment,  and  reached  the  maximum  within  3  to  5  days. 

Norris  (28)  also  noted  that  CCC  tended  to  increase  the 
ability  of  grasses  to  recover  from  clipping,  and  also  possibly 
their  resistance  to  drought.  Corn  seedlings,  grown  in  high  con¬ 
centrations  of  CCC,  had  a  lower  water  content  than  those  grown 
in  water  only. 

Gohlhe  and  Tolbert  (11)  grew  young  barley  seedlings  in  nut¬ 
rient  solution  containing  CCC.  Water  uptake  by  the  seedlings  was 

measured  with  a  potometer  and  found  to  be  inhibited  60  to  80%  by 

-4  -3 

10  to  10  M  CCC.  Water  translocation,  as  measured  by  the 
quantity  of  xylem  exudate,  was  similarly  inhibited. 

Young  soy  bean  and  wheat  plants  treated  with  CCC  showed  a 
marked  increase  in  resistance  to  high  salt  content  and  the  pH 
change  in  the  soil.  Miyamoto  (27)  soaked  wheat  seeds  in  0.5% 
of  CCC  for  14  hours  and  planted  them  in  sandy  soil  (pH  6.45)  . 

After  9  days  he  added  sodium  hydroxide  to  increase  the  pH  to 

9 

11.98,  or  sulphuric  acid  to  decrease  it  to  3.24.  Low  and  high 

<« 

pH  caused  curling  of  the  leaf  blades,  bleaching  of  leaf  color 
and  wilting  of  untreated  plants.  The  CCC  treated  plants  showed 
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increased  resistance  to  high  and  low  pH  values. 

Van  Emden  (46)  reported  that  CCC  treated  brussel  sprouts 
were  not  as  heavily  infested  with  cabbage  aphids  as  the  control 
plants.  According  to  Sinha  and  Wood  (32),  CCC  increased  the 
resistance  of  susceptible  tomato  varieties  to  the  fungus 
Verticillium  which  causes  wilting  of  the  tomato  plants.  In  this 
case  it  was  shown  that  the  resistance  was  due  to  changes  in  the 
host,  as  CCC  treated  cultures  of  the  fungus  grew  better  than  un¬ 
treated  ones.  In  both  these  reports  the  authors  suggested  that 
CCC  might  have  altered  the  host  plant  physiology  in  such  a  way 
that  the  parasite  could  not  successfully  compete  any  longer. 

Rawlins  (Cathey’s  review  4),  demonstrated  that  treatments  of 
tobacco  discs  with  CCC  lowered  the  multiplication  of  the  tobacco 
mosaic  virus. 

5.  Persistence  in  plants. 

The  persistence  of  CCC  in  plants  was  shown  by  Zeevaart  in 
1965  (55)  by  the  retardation  of  Japanese  Morning  Glory,  Pharbitis 

nil,  grown  from  seed  harvested  from  CCC  treated  plants.  The  seed¬ 
lings  obtained  from  these  seeds  were  strongly  dwarfed.  This  could 
have  been  due  either  to  reduced  GA  content,  due  to  CCC  treatment 
of  the  plants  prior  to  anthesis,  or  the  presence  of  CCC  in  the 
seeds.  The  seeds  were  therefore  extracted  and  tested  for  CCC. 
Approximately  lOOyg  of  CCC  was  present  per  seed,  as  shown  by 
biological  and  chemical  methods.  Thus,  CCC  accumulated  in  Pharbitis 


nil  seeds  and  dwarfed  the  growth  of  progeny  of  CCC  treated  plants. 
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E.  EFFECTS  OF  CCC  ON  CELL  DIVISION  AND  MORPHOLOGY  OF  PLANTS. 

CCC  has  a  definite  effect  on  the  morphological  development 
of  plants.  Treated  plants  appear  to  be  shorter  and  more  compact 
which  is  due  to  the  shorter  internode  length.  Stems  of  the  plants 
are  usually  thicker  than  the  stems  from  untreated  ones.  The 
plants  also  appear  much  darker  in  color  (37,38,44,50).  These 
symptoms  were  first  reported  by  Tolbert  and  Wittwer ,  but  their 
findings  have  been  confirmed  by  many  other  workers  in  the  past 
few  years.  CCC  has  been  shown  to  have  a  variety  of  effects  on 
different  plants,  and  different  varieties  from  the  same  species 
of  plants  have  shown  different  responses. 

Plants  most  sensitive  to  growth-retarding  substances  are 
those  which  grow  slowly  and  constantly.  Foliage  plants,  such  as 
Philodendron,  Diffenbachia  and  Peperonia  grew  without  apparent 
response  to  even  massive  amounts  of  CCC. 

Norris  (28)  observed  different  responses  to  CCC  among  diff¬ 
erent  grass  species.  Short  stemmed,  bunch  type  grasses  were 
affected  less  than  the  long  stemmed  rhizomatous  types.  Oats 
appeared  to  be  less  responsive  to  treatments  with  CCC  than  wheat 
and  barley,  while  brome  was  the  most  sensitive  of  the  forage  spe¬ 
cies  investigated. 

A  seasonal  variation  to  CCC  treatments  has  also  been  observed. 
The  effects  of  CCC  were  much  less  in  summer  (3,4,5,37).  Norris 
(28)  also  reported  that  the  effect  of  CCC  appeared  to  be  greater 
in  the  winter  than  in  the  summer.  He  states  that  light  intensity 
and  the  effect  of  CCC  did  not  show  significant  interaction,  and 
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suggests  that  the  day  length  or  photoperiod  may  be  more  critical 
in  determining  the  magnitude  of  the  effect  of  CCC  than  light 
intensity . 

Wittwer  and  Tolbert  (50,51)  and  Tiessen  (40)  reported  that 
tomato  plants  developed  thicker  stems  and  darker  green  savoyed 
leaves.  The  growth  changes  were  similar  to  those  produced  by 
exposure  to  high  light  intensities  and  low  temperatures,  and 
were  opposite  to,  and  more  persistent  than  those  induced  by 
gibberellin . 

Excessive  amounts  of  CCC  not  only  greatly  suppressed  growth 
but  also  caused  a  pronounced  chlorosis  (4,50).  The  chlorosis 
began  along  the  midrib  of  the  leaflets  and  extended  towards  the 
margins.  In  severe  cases  necrotic  areas  developed,  followed  by 

marginal  burning.  These  symptoms  usually  developed  from  concent- 

-4 

rations  in  excess  of  10  M  in  solution  culture.  The  germination 
of  seeds  was  delayed  after  CCC  treatments  (5),  root  development 
was  initially  inhibited  and  internode  length  was  less  on  most 
plants  (41).  Leaves  were  a  much  darker  green  on  treated  than 
those  on  untreated  plants. 

CCC  also  promoted  earlier  tillering  of  the  young  wheat  plants 
within  a  few  days  to  two  weeks  after  treatment  (44).  Norris  (28) 
working  with  plants  from  the  gramineae  species  also  observed  in¬ 
creased  tiller  production  on  plants  treated  with  CCC  in  low  dosages, 
but  in  dosages  such  as  20  to  40  lbs. /acre  the  retardation  was  so 
high  that  it  reduced  tillering. 

Wittwer  and  Tolbert  (50)  reported  that  the  dry  matter  content 
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of  tomato  plants  was  increased  by  CCC  treatment,  more  so  for  the 
roots  than  the  tops,  resulting  in  an  increased  roo t-t o-shoot  ratio. 
Fletcher  and  Renney  (10)  also  reported  a  similar  effect  on  tomatoes, 
beans  and  bent  grass.  The  increased  root  top  ratio  might  be  due 
to  a  reduction  in  top  growth  without  alteration  of  root  growth. 

Monselise  and  Halevy  (15)  confirmed  that  CCC  treatment  pro¬ 
duced  thicker  leaves.  They  also  showed  that  discs  from  bean  leaves 
of  CCC  treated  plants  had  a  greater  dry  weight  than  those  from  the 
control.  Untreated  plants  had  a  maximum  leaf  dry  weight  at 
midnight,  whereas  leaves  of  CCC  treated  plants  attained  maximum 
dry  weight  about  one  hour  after  sun-set,  followed  by  a  steady 
decline . 

Humphries  (19)  postulated  that  mustard  plants  responded  to 
CCC  treatment  by  an  increase  in  total  leaf  area,  both  in  the  green¬ 
house  and  under  artificial  fluorescent  lights.  In  the  greenhouse 
there  were  more  leaves  and  in  the  growth  chamber,  larger  leaves. 

The  net  assimilation  rate  fell,  probably  due  to  less  growth  and 
consequent  lower  demand  for  pho tosynthat e . 

Das  (9)  studied  the  growth  regulator  effect  on  top  root 
ratio  and  the  cation  exchange  capacity  of  snap  beans  and  sweet 
corn.  He  used  gibberellin,  CCC  and  other  growth  regulators.  CCC 
at  200  ppm  concentration  produced  no  significant  effect  on  top 
root  ratio,  or  root  cation  exchange  capacity. 

Anatomical  observations  reveal  that  differences  in  the  length 
of  the  first  internodes  of  control  plants  and  those  treated  with 
CCC  are  due  only  to  differences  in  cell  number  (5).  CCC  reduces 
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mitotic  activity  at  least  in  the  first  internode0  The  application 
of  gibberellin  to  CCC  treated  plants  increased  the  length  of  the 
first  internode  by  increasing  the  number  of  cells  per  internode. 
According  to  Zeevaart  (53),  available  evidence  suggests  that 
growth  retarding  CCC  inhibits  flower  formation  in  Pharb i t is  nil 
by  inhibiting  cell  division  in  the  plumule  during  the  period  when 
the  floral  stimulus  is  present. 

Similar  results  were  reported  by  Cathey  and  Stuart  (5)  con¬ 
cerning  the  inhibition  of  cell  division. 


F.  EFFECTS  OF  CCC  IN  RELATION  TO  CROP  YIELDS. 

Experiments  on  maturation  and  crop  yields  were  only  suggest¬ 
ive,  because  few  field  trials  have  been  attempted.  Field  tests 
have  been  disappointing  because  of  the  difficulty  in  supplying 
high  enough  concentrations  of  various  chemicals  to  produce  the 
desired  affect  on  stem  elongation.  Eventually,  treated  plants 
grow  as  rapidly  as  untreated  ones  (4). 

Tolbert  (44)  reported  2  to  4  days  delay  in  heading  out  of 
wheat  following  treatment  with  CCC  in  greenhouse  pot  culture, 
although  the  yield  was  not  affected.  Cowley  (Thomas's  review  42) 

compared  the  effect  of  CCC  and  several  other  growth  regulators, 
applied  as  foliar  sprays  to  three  varieties  of  cotton  at  the 
six  leaf  stage  and  at  onset  of  flowering.  In  addition  to  retard¬ 
ing  stem  growth,  the  application  resulted  in  some  delay  in  maturity 
and  reduction  in  yield,  although  boll  weight  was  not  affected. 
Thomas  (42)  also  observed  reduction  in  the  rate  of  flowering  in 


oe  i*  -nr  itnBlq  b  ::  :  DO  o*  i£s>79ddig  lO 


*  >.  id. 5  ic  Urdus  >*  p.  .?, '  L  -$  iscx  yd  ‘.  hoa^  iUrJt 


;•  ,  .  .  90  .  '  v.  i  .*  i ,t.  b  )  uv  oj  ifaioooA 


i  .r  p  '.  iv  t  *  iX'Itdfil  Oj  j  <  bifijsi  riJwoijj 


i  cl  sd:f  / j  j  *  »  ^ct!  j  tiilrfiTl  yd 

i  r  ”  -fir  U  n  :  p  Ci  xoll  add 


•*0  OT  KQIi’AJ  «  J 


»  ’  C  -  p  »d  :  '  i<  '  E  8  .  fc  fl9Sd  Sid 


(f)  3f-  <  '*  v-  •  /...II  yIMoftt  8£  WOlJ} 


3  d  •  J  ,  >.;-D  ii*  -  ;  B ^  3  ;  :•  ft  • 


H«*a  wo^  5  Do  l^tau  j  L  f/fja  xi» 


.’esi  nolDe  ©rid  ,riJwot; 


14 


cotton  as  a  result  of  CCC  treatment,  with  severe  reduction  in  boll 
set  and  cotton  seed  production. 

Tiessen  (38)  treated  muskmelons  at  different  growth  stages 
with  GA  and  CCC.  The  chemicals  were  applied  to  banded  plants 

in  the  greenhouse  both  as  a  soil  drench  and  foliar  spray,  and  as 

-3 

a  soil  drench  in  the  field  at  10  M  solution.  The  CCC  treatments 
increased  yields  by  27%  (under  glass,  foliar),  23%  (under  glass 
soil  drench)  and  25%  (field  soil  drench)  when  compared  to  control. 

CCC  was  reported  by  several  workers  to  increase  early  mat¬ 
urity  of  tomatoes  (1,39,41,50,51).  Andrew  and  Knowles  in  1961  (1) 

-3 

treated  tomatoes  with  CCC,  10  M  applied  as  a  soil  drench  to  plants 

in  veneer  bands,  ten  days  before  field  setting;  and  in  another 

_3 

treatment,  5  x  10  M  at  the  time  of  field  setting  with  starter 
solution.  The  application  of  CCC  at  field  setting  time  had  a 
greater  effect  than  when  applied  10  days  before  field  setting. 

CCC  increased  the  early  yield  almost  50%  over  control.  The  experi¬ 
ment  was  repeated  in  1962  with  various  concentrations.  The  results 
indicated  that  the  high  concentrations  were  more  effective  than 
the  low  concentrations  in  dwarfing  plants,  but  had  no  greater 
effect  on  flowering  and  fruiting. 

Heeney  (18)  treated  tomato  plants  with  CCC  in  10,  50  and 
100  ppm  concentrations  using  drench  and  foliar  applications.  He 
found  that  the  soil  drench  treatment  increased  the  blossom  number 
without  reduction  of  fruit  set.  Early  yields  were  increased  on 
an  average  of  5%.  There  was  no  measurable  difference  between 
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Tiessen  (40)  studied  the  effect  of  CCC  on  tomatoes  and 
peppers  at  various  temperatures.  He  also  compared  the  differ¬ 
ence  between  drench  applications  and  foliar  treatments.  When 
the  first  true  leaves  appeared,  half  the  tomato  and  peper  plants 
were  placed  in  a  cold  house  (minimum  night  temperature  54°  to 
65°F)  and  the  rest  stayed  in  a  warm  house  (minimum  night  temper¬ 
ature  64°  and  68°F). 

With  peppers,  the  CCC  drenches  tended  to  suppress  earlier 
fruit  number  and  yield  as  a  result,  perhaps,  of  severe  stunting 
of  plants.  The  foliar  treatments  of  CCC  on  peppers  tended  to 
stimulate  a  slightly  earlier  yield,  and  also  increased  fruit 
number,  but  this  was  more  evident  on  total  yields.  None  of  the 
foliar  treatments  affected  the  fruit  size  of  either  the  early  or 
the  total  pepper  yields,  but  yield  was  stimulated  at  warmer 
temperatures  and  at  cooler  temperatures  an  additional  yield 
effect  was  evident.  The  CCC  drenches  reduced  the  total  tomato 
yields  by  reducing  the  fruit  number  and  size.  The  foliar  appli¬ 
cations  of  CCC  on  tomatoes  in  this  experiment  did  not  have  any 
significant  effect.  However,  in  another  experiment  in  1962, 

Tiessen  (39)  had  some  encouraging  results  with  foliar  applications. 
Tomatoes  were  treated  with  foliar  spray  of  10  ppm  CCC  either  as 
one  application  at  the  second  to  fourth  true  leaf  stage,  or  two 
applications  one  week  apart,  the  first  being  at  the  third  to 
fourth  true  leaf  stage.  There  was  no  significant  difference  in 
the  yield  of  treated  and  untreated  plants  grown  at  55°F,  but 
plants  treated  with  CCC  as  above,  and  grown  at  65°F  increased 
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yield  over  control  and  outyielded  those  grown  at  55°F  by  11  to 
46 %.  This  indicates  that  tomato  plants  treated  with  CCC  at 
correct  concentrations,  growth  stage  and  temperature,  can  increase 
early  tomato  yields. 

In  1964  Tiessen  and  Rieger  (41)  soaked  tomato  seeds  in  CCC 
solution  and  water,  and  reported  an  increase  in  tomato  yields 
as  a  response  to  the  CCC  treatment.  Cucumber  seeds  were  soaked 
in  the  same  manner  before  field  setting.  Seeds  soaked  in  water 
yielded  28%  over  yields  obtained  from  dry  seeds,  but  none  of 
the  CCC  seed  soaking  treatments  increased  yields  over  the  water 
soaking.  They  also  treated  cucumbers  with  CCC  when  the  leaves 
were  at  the  1  1/2  to  2  inch  diameter  stage,  and  reported  that  the 
yield  was  5  to  15%  less  than  control,  and  the  size  of  the  vines 
was  reduced  to  30  to  44%  over  control.  They  suggested  that,  due 
to  the  smaller  vine,  the  plant  population  could  be  increased  25 
to  40%,  and  a  yield  increase  of  20  to  30%  could  be  anticipated. 

They  also  reported  an  increase  in  bean  yields  as  a  result  of 
CCC  treatment  at  the  2nd  trifoliate  leaf  stage.  In  addition  to 
this,  reduction  in  plant  size  was  noted,  when  compared  to  control. 
These  findings  also  indicate  that  rows  could  be  spaced  closer 
together,  thereby  increasing  the  plant  population  and  thus  in¬ 
creasing  yields  considerably. 

Mu s km e Ions  were  sprayed  with  CCC  in  the  greenhouse,  when  the 
plants 'were  at  the  1st  to  2nd  and  3rd  to  4th  true  leaf  stage, 
and  in  the  field  about  three  weeks  after  field  setting  (41) .  All 
chemical  treatments  produced  a  slightly  higher,  but  not  significant 
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increase  in  yield  over  the  control. 

G.  THE  RELATIONSHIP  OF  CCC  AND  RELATED  COMPOUNDS  TO  GIBBERELLIN 
AND  AUXIN. 

Leopold  (21)  agrees  with  other  workers  in  stating  that  CCC 
strongly  inhibits  growth,  and  that  its  action  is  prevented  by 
the  application  of  gibberellin.  The  mutual  antagonism  is  not 
restricted  to  growth  affect.  CCC  can  impose  dormancy  of  lettuce 
seeds,  an  effect  which  can  be  overcome  with  gibberellin. 

If  growth  inhibitors  are  acting  compete tively  with  gibber¬ 
ellin  at  a  common  site,  one  would  hope  that  they  might  be  struc¬ 
turally  similar  to  the  gibberellins  in  some  respect.  Since  they 
are  not,  Tolbert  (54)  has  suggested  caution  in  considering  them 
as  true  antigibberellins . 

Kuraishi  and  Muir  (20)  studied  the  interaction  of  GA  with 
CCC  and  phosfon  in  leaf  tissue  of  Raphanus  s a t ivus ,  The  inhibi¬ 

tion  of  the  effect  of  CCC  and  phosfon  was  greatest  with  the  high¬ 
est  concentration  of  GA.  The  same  effects  were  found  when  indole- 
acetic  acid  (IAA)  was  present. 

Cytohis tological  studies  with  Chrysanthemum  mor if olium  (5) 
have  shown  that  retardants  inhibit  cell  elongation  and  division 
in  the  subapical  tissues  of  treated  stems,  and  GA  prevents  the 
inhibition.  Because  of  the  limitations  of  application  and 
transport  of  substances  in  intact  plants,  Sachs  and  Wohlers  (30) 
used  tissue  explants  cultured  in  vitro  for  continuing  quanti¬ 
tative  investigations  of  this  physiological  antagonism  at  cellular 
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level.  They  found  that  the  three  inhibitors  of  stem  elongation, 
Amo-16,  CCC  and  phosfon,  inhibit  cell  division  and  expansion  in 
tissues  cultured  in  vitro.  However,  contrary  to  the  case  in 
intact  plants,  gibberellic  acid  does  not  prevent  the  retardant- 
induced  inhibition  in  vitro.  Supplementary  auxin  was  also  without 
effect  in  preventing  the  inhibition.  Thus,  the  effect  of  the 
retardants  cannot  be  simply  that  of  inhibiting  gibberellin  or 
auxin  synthesis.  With  respect  to  growth,  carrot,  chrysanthemums 
and  geranium  tissues  were  equally  sensitive  to  all  three  retard¬ 
ants,  whereas  tobacco  tissues  are  considerably  more  resistant  to 
Amo  and  apparently  unaffected  by  CCC. 

Wittwer  and  Tolbert  (51)  studied  the  effects  of  CCC,  GA 

and  IAA  on  fruit  setting  of  tomatoes.  CCC  used  alone  had  no 

measurable  effect  on  the  growth  of  non-pollenat ed  tomato  ovaries, 

-3  -5 

but  in  combination  with  10  IAA  and  10  M  gibberellin,  a  syner¬ 
gistic  growth  rate  was  induced  beyond  that  which  could  be  ascribed 
to  an  IAA-gibberellin  interaction.  Two  conditions  have  now  been 
reported  in  which  CCC  and  related  compounds  timulated  partheno- 
carpic  fruit  development.  Instances  of  increased  vegetative  and 
dry  matter  accumulation  with  the  use  of  low  levels  of  CCC  and 
related  compounds  have  been  observed,  where  presumably  auxin  and 
gibberellin  were  not  limiting.  A  combination  of  IAA,  gibberellin 
and  CCC  had  a  synergistic  effect  upon  par thenocarpic  fruit 
development . 

Halevy  (13)  offers  an  explanation  for  the  CCC-gibber ellin 
interaction.  He  used  cucumber  seedlings  and  measured  the  pero- 
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xide  and  IAA  activity  after  treating  plants  with  gibberellin  or 
CCC  and  other  growth  retardants.  Gibberellin  decreased  the 
activity  of  enzymes,  resulting  in  a  higher  level  of  IAA  in  the 
plants,  while  CCC  increased  enzyme  activity  and  reduced  the  level 
of  IAA,  GA  and  CCC  applied  simultaneously,  nullified  each 
others  effect.  From  this  work  Halevy  concluded  that  CCC  exerts 
its  effect  on  plants  by  interacting  with  gibberellin  on  IAA 
and  peroxidase  activity,  and  thus  reduces  auxin  level  in  the  tissue, 
resulting  in  the  observed  morphological  changes.  This  statement 
is  also  supported  by  the  results  of  Norris,  who  found  a  lower  IAA 
content  in  CCC  treated  wheat  seedlings. 

The  inhibitory  effect  of  CCC  on  coleoptile  growth  was  also 
overcome  by  higher  concentration  of  IAA,  but  not  by  GA  (20). 

Stem  segments  of  peas,  their  growth  retarded  by  CCC  did  not 
respond  to  treatment  with  GA ,  but  had  their  length  increased  by 
as  much  as  3.3  times  in  IAA  solution.  The  diffusible  auxin 
from  the  stem  apices  of  pea  plants  with  growth  retarded  by  CCC, 
was  only  one  seventh  as  much  as  the  diffusible  auxin  from  normal 
plants.  This  indicates  that  the  growth  retarding  effect  of  CCC 
is  due  to  the  lowering  of  diffusible  auxin  level  in  plants. 

Paleg,  Kende,  Ninneman  and  Lang  (29)  observed  the  effects 
of  GA  on  growth  retardants  on  barley  endosperm.  CCC,  Amo  1618, 
phosfon  D,  maleic  hydroxide  and  two  other  growth  retardants  were 
not  effective  in  retarding  gibberellic-acid-induced  reducing  sugar 
released  from  barley  endosperm.  It  is  suggested  that  these  com¬ 
pounds  be  termed  "growth  retardants"  and  not  antigibberellins , 
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since  they  probably  exert  their  effect  as  inhibitors  of  gibber- 
ellin  biosynthesis. 

Baldev  and  Lang  (3)  studied  the  control  of  flower  formation 
by  growth  retardants  and  gibberellin  in  S almo lus  parvif lorus . 

The  growth  retardants  Amo-16  and  CCC  inhibited  flower  formation 
and  stem  elongation  in  S almo lus  p arvi f lorus  ,  a  long  day  rosette 
plant.  The  vegetative  growth  of  the  plants  was  affected  only 
slightly  or  not  affected  at  all.  Application  of  gibberellic 
acid  completely  reversed  the  inhibition  of  both  flower  formation 
and  stem  elongation  caused  by  Amo.  However,  much  larger  amounts 
of  GA  were  required  to  reverse  the  CCC  inhibition  of  stem  elonga¬ 
tion,  than  that  of  flower  formation. 

These  results  strongly  support  the  interpretation  that  the 
inhibition  of  flower  induction  in  Salmolus  by  the  growth  retardant 
CCC,  was  the  direct  consequence  of  GA  biosynthesis  suppression 
in  the  plant.  However,  it  was  not  clear  whether  CCC  competes  with 
GA  for  sites  of  action,  by  interfering  with  the  biosynthesis  of  GA, 
or  by  the  destruction  or  inactivation  of  GA.  For  this  reason 
Harada  and  Lang  (17)  started  an  experiment  which  demonstrated  that 
the  fungus  Fus ar ium  mon i 1 i f orme  grown  in  the  presence  of  CCC  or 
Amo-  1618  did  not  produce  GA.  It  was  concluded  by  Harada  and  Lang, 
that  the  effects  of  CCC  on  growth  and  development  in  higher  plants 
can  be  overcome  by  the  addition  of  gibberellin.  The  application  of 
additional  gibberellin  counteracts  the  inhibition  of  gibberellin 
biosynthesis  by  CCC. 


Starting  out  from  these  conclusions,  Zeevaart  in  1965  (55) 
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wrote  that  if  CCC  inhibits  gibberellin  production  in  cultures 
of  Fusar ium  monilif orme  ,  this  suggests  that  CCC  may  exert  its 
growth  effects  in  higher  plants  by  blocking  GA  production,  causing 
GA  deficiency,  which  would  result  in  a  dwarfed  growth.  This  hypo¬ 
thesis  was  tested  by  using  immature  seeds  of  Japanese  Morning  Glory, 
Pharbit is  nil ,  strain  violet.  These  seeds  are  known  to  be  a  rich 
source  of  g ibberellin-like  substances.  Pharbitis  nil  plants  were 
grown  in  short  days  in  a  growth  room  at  25°C.  CCC  was  applied 

via  the  roots  at  weekly  intervals  starting  at  anthesis.  The 
immature  seeds  were  harvested  at  different  times  after  anthesis, 
and  tested  for  gibberellin  activity.  The  GA  content  of  seeds  from 
CCC  treated  plants  were  greatly  reduced  (up  to  80%)  as  compared 
to  seeds  from  untreated  control  plants.  These  results  show  that 

CCC  inhibits  GA  production  in  higher  plants. 

H.  THE  ECONOMIC  IMPORTANCE  OF  CCC. 

Authors  working  with  CCC  have  suggested  several  economical 
advantages  and  possibilities.  However,  to  date  CCC  has  only 
one  commercial  use  and  that  is  the  control  of  the  height  of 
poinsettias.  Scaling  of  the  heights  of  other  plants  has  been 
suggested  (7),  controlling  the  lodging  of  wheat  (44),  increase 
in  the  flowering  of  azaleas  (35)  and  increase  in  the  resistance 
of  treated  plants  to  pest  and  disease  (32,46). 

Tiessen  stated  that  CCC  treatments  may  have  several  possi¬ 
bilities  in  the  case  of  drench  applications.  Tomato  plants  were 
stockier,  and  such  plants  could  be  field  set  at  a  closer  spacing, 
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and  consequently  increase  the  yield  per  acre.  These  stockier 
plants  may  be  more  resistant  to  setbacks  during  the  field  setting 
operation.  Also  stockier  tomato  plants  could  facilitate  mechanical 
harvesting  for  the  processing  industry  (40,41). 

Foliar  application  of  CCC  to  peppers  tended  to  increase  the 
yield  in  a  manner  similar  to  that  of  cold  vernalization  temperature 
(40).  This  could  prove  important  in  warm  areas  where  it  is  not 
possible  to  obtain  low  night  temperatures  for  plant  vernalization. 

There  is  also  a  possibility  that  CCC  treatment  may  be  bene¬ 
ficial  in  increasing  early  yields  in  tomato  and  some  other  horti¬ 
cultural  crops . 
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III.  EFFECTS  OF  CCC  ON  THE  GROWTH  AND  DEVELOPMENT  OF 

Lycoper s icon  esculentum  L . 

A.  FIELD  EXPERIMENTS. 

1.  Materials  and  Methods. 

The  variety  Early  Alberta  was  selected  because  it  is 
one  of  the  best  field  varieties  in  the  Edmonton  area. 

CCC  used  in  this  experiment  was  a  synthetic  product  of 
American  Cyanamid  Company,  Agricultural  Division,  Princeton,  N.Y. 
It  is  formulated  with  a  water-miscible  solvent  containing  11.8% 

(by  weight)  active  ingredients,  and  in  this  study  was  applied  as 
a  soil  drench  application. 

This  experiment  was  conducted  at  the  Parkland  field  labora¬ 
tory  during  the  summer  of  1965.  The  field  laboratory  is  situated 
in  the  black  soil  area  of  Alberta,  south  of  the  University  Campus. 

The  official  classification  of  the  soil  is  Malmo  Silt  Loam, 
which  is  an  eluviated  black  soil,  developed  on  Lacustrine  mater¬ 
ial.  It  has  a  high  water  holding  capacity  of  5"  of  water  per  foot 
of  soil,  with  a  top  soil  of  12-14".  The  soil  has  a  7%  organic 
matter  and  the  salinity  of  the  subsoil  is  less  than  .2%.  It  is 
practically  free  from  stone  and  topography  is  relatively  level. 

It  is  considered  good-to-very  good  arable  soil. 

The  district  has  a  rainfall  of  approximately  16-18  inches 
per  year  and  the  mean  frost  free  period  is  100  days  with  extreme 
variations  from  about  50  to  150  days  (33). 


Soil  analysis  was  made  in  the  Spring  from  the  plots. 
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was  found  that  the  available  nitrogen  was  54  lbs. /acre  and 

phosphorus  (P)  was  47  lbs. /acre.  Excessive  quantities  of 
potassium  (K)  were  found,  the  available  amount  being  600  lbs/acre. 
The  pH  was  5.6  and  the  soil  contained  a  medium  amount  of  organic 
matter . 

The  tomato  plants  were  seeded  in  a  greenhouse,  the  seeding 


medium  being  vermiculite 


After  germination  the  seedlings  were 


pricked  out  to  a  3-2-1  soil  mixture  in  3  inch  wood  veneer  bands. 
They  were  watered  with  100  ml  of  starter  solution  per  band  at  a 
concentration  of  1  oz„  10-52-17 /gallon . 

When  the  plants  reached  the  4th  to  5th  true  leaf  stage  and 
were  about  12  cms.  in  height,  they  received  the  first  application 
of  CCC.  The  following  concentrations  were  applied: 

Treatment  Concentrations 

1  0  ppm  CCC 

2  250  ppm  CCC 

3  500  ppm  CCC 

4  750  ppm  CCC 

Plants  in  treatments  2,  3  and  4  received  100  ml.  CCC  solution 
and  the  plants  in  treatment  1  received  100  ml.  of  distilled  water. 
A  few  days  later  the  plants  were  transferred  to  the  field  labora¬ 
tory  and  placed  in  a  cold  frame  to  harden.  Ten  days  after  the 
first  CCC  application,  the  plants  were  set  in  the  field.  At  this 
time  the  second  applications  were  made  in  the  same  concentrations 
as  above. 


Each  plant  received  1  litre  starter  solution  containing  CCC; 
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12  ozs.  of  10-52-17  was  dissolved  in  12  gallons  of  water  and  then 
made  up  to  the  appropriate  concentrations  with  CCC. 

The  experiment  was  designed  as  a  randomized  block  with  the 
four  treatments  replicated  four  times.  Each  treatment  within 
each  replication  consisted  of  10  plants  per  row.  The  plants 
were  1  m.  apart  in  the  row,  and  the  rows  were  2  m.  apart.  Guard 
rows  were  used  on  the  borders  of  each  replication. 

At  the  time  of  the  second  application  of  CCC,  the  plants 
which  had  already  received  CCC  treatments  were  somewhat  darker 
green  in  color  and  shorter  than  the  control. 

The  tomatoes  received  a  fertilizer  application  two  weeks 
after  field  setting  time,  at  the  rate  of  300  lbs.  16-20-0/acre 
(34  grams  per  plant).  This  was  put  around  the  plant  in  a  30  cm. 
radius  and  was  raked  into  the  soil. 

The  following  observations  were  made: 

a)  The  heights  of  the  plants  were  measured  four  times  at 
weekly  intervals,  starting  two  weeks  after  the  second  CCC  applica¬ 
tion. 

b)  The  number  of  nodes  preceeding  the  development  of  the  first 
flower  cluster  was  counted  and  also  the  number  of  flowers  in  the 
first  flower  cluster. 

c)  Yield  data  were  recorded  as  weight  of  fruit  in  grams  and 
number  of  fruit.  The  average  weights  of  the  fruits  were  also 
calculated,  by  dividing  the  weight  of  the  fruits  with  the  number 


of  fruits . 
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2,  Results  . 

Ten  days  after  the  first  CCC  application,  plants  appeared 
to  be  darker  green  in  color,  and  stockier  than  untreated  ones. 

This  became  more  apparent  after  the  second  CCC  application. 

Plants  which  received  750  ppm  CCC  had  slightly  savoyed  leaves, 
while  those  which  received  500  ppm  and  250  ppm  remained  smaller 
throughout  the  growing  season. 

a)  Effects  of  CCC  on  the  height  of  tomato  plants:  CCC  appli¬ 
cations  significantly  reduced  the  heights  of  tomato  plants  compared 
to  the  controlo  The  differences  in  height  appeared  ten  days  after 
the  first  application  of  CCC,  but  became  more  apparent  two  weeks 
after  the  second  application.  Plants  which  received  250  ppm  CCC 
appeared  similar  to  the  control  towards  the  end  of  the  growing 
season,  while  the  plants  which  received  500  and  750  ppm  CCC  re¬ 
mained  somewhat  shorter  and  smaller  throughout  the  growing  season. 

The  differences  in  height  are  summarized  in  Table  I  and  Figure  1. 

b)  Effects  of  CCC  on  the  flowering  of  tomato  plants:  Plants 
which  received  high  concentrations  of  CCC  (500  and  750  ppm)  pro¬ 
duced  the  first  flower  cluster  at  a  lower  internode  than  the  control. 
The  flower  number  was  also  increased  in  the  first  flower  cluster 

on  plants  which  received  CCC  applications  compared  to  control  plants. 
The  results  are  summarized  in  Table  II. 

c)  Effects  of  CCC  on  tomato  yields  and  average  weights  of 

p 

tomato  fruits;  CCC  applications  significantly  increased  the  early 
yield  of  fruit.  Plants  which  received  250  and  500  ppm  CCC  had 
an  early  yield  of  approximately  double  the  yield  of  the  control 
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TABLE  I 


Average  heights  in  oms,  of  Ly coper sioon  escu lentum  L. 
(Early  Alberta)  two3  three  and  four  weeks  after  the 

second  CCC  application. 


Meaft  Height 

Treatme 

nts 

2  weeks 

3  weeks 

4  we 

eks 

After 

the 

second  CCC  app 

lication 

0 

ppm 

CCC 

20cm  a+ 

34cm  a 

44  cm 

a 

250 

ppm 

CCC 

15  cm  b 

2  8  cm  b 

3  7  cm 

b 

500 

ppm 

CCC 

14cm  be 

24cm  be 

34  cm 

b 

750 

ppm 

CCC 

13cm  c 

2  2  cm  c 

31cm 

c 

Analysis  < 

of 

variance 

for 

height  measurement 

s 

2 

weeks 

3  weeks 

4  we~ 

eks 

Source 

d.f. 

MS 

F 

MS  F 

MS 

F 

Rep 

licat 

:  ions 

3  2 

.  66 

1. 

00 

Tre 

atments 

3  34 

.  33 

23.83** 

110.00  15.98** 

112  . 

00 

38.7 

7  *  * 

Err 

or 

9  1 

.44 

6.88 

2. 

88 

** 

Signif ic 

ant  at 

1  % 

level . 

t 

Numbers 

in  each 

CO 

lumn  whic 

h  ar 

e  not  followed 

by 

the 

s  ame 

le  1 1 

:er  a 

re  sign: 

if  i 

cantly  di 

f  f  er 

ent  from  each 

o  the 

r  at 

the 

5% 

leve 

il  of 

signif : 

icance  as  ju 

dged 

by  Duncan ’ s  n 

ew  multiple 

range 

test  (34)  . 
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TABLE  II 

Effects  of  CCC  on  the  flowering  of  Lycopersicon  esculentum  L. 

(Early  Alberta) 


Treatments 

No.  of  nodes  to  first 

flower  cluster 

No.  of  flowers  in  first 

clus ter 

0  ppm 

CCC 

7.07 

at 

6.02  a 

250  ppm 

CCC 

6.68 

ab 

6.75  b 

500  ppm 

CCC 

6.35 

be 

6.90  b 

750  ppm 

CCC 

5 . 85 

c 

7.10  b 

• 

Ana  lysis 

of  variance 

tab  le 

No.  of  nodes 

to  first 

No.  of  flowers  in 

flower  cluster 

first  cluster 

Source 

d.  f. 

MS 

F 

MS  F 

Replications 

3 

.09 

.  166 

Treatments 

3 

1.03 

11.4** 

.866  5.18* 

Error 

9 

.09 

.  167 

*  Significant  at  5%  level. 

**  Significant  at  1%  level. 

t  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5  A 
level  of  significance  as  judged  by  Duncan's  new  multiple  range 
test  (34)  . 
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plants,  while  the  early  yield  of  those  receiving  750  ppm  CCC  was 
increased  about  9%  over  control. 

The  average  weights  of  the  fruits  were  not  affected  by  the 
CCC  applications.  The  results  are  summarized  in  Table  III  and 
Figure  2 . 
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TABLE  III 

Effects  of  CCC  on  yield  and  average  weight  of  fruits  of 
Lycopersicon  es culentum  L.  (Early  Alberta) . 


Treatments 

Av .  yield  in  Av.  yield  in 

Average  weight  of 

kg. 

no. 

fruits  in 

grams 

0  ppm  CCC 

5.55  a+ 

73.00  a 

72.25 

a 

250  ppm  CCC 

11.17  b 

134.00  b 

85.75 

a 

500  ppm  CCC 

10.98  b 

129.00  b 

85.25 

a 

750  ppm  CCC 

5.95  a 

84.00  a 

74.00 

a 

Analysis 

of  variance  table 

Av .  yie 

Id  in  Av.  yield 

in  Average 

weight 

* 9 

.  no. 

of  fruits 

in  grams 

Source 

d.  f. 

MS 

F  MS 

F  MS 

F 

Replications 

3 

196,730 

2.76  97.66  5. 

49*  233.00 

2.87 

Treatments 

3 

2 ,372,101 

33.38**  24.00  13. 

50**  113.00 

1.39 

Error 

9 

71  ,053 

17.77 

81.00 

*  Significant  at  5%  level. 

**  Significant  at  1%  level. 

+  Numbers  in  each  column  which  are  not  followed  by  the  same 


letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan' s  new  multiple  range 


test  ( 34) . 
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FIGURE  2 


f  Total  yields  of  field  grown  Lycopersicon  esculentum  L.  (Early 
Alberta)  treated  with  CCC. 
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B.  GREENHOUSE  EXPERIMENTS. 

1.  Materials  and  Methods. 

The  forcing  variety,  Tuck  Queen,  was  selected  in  this 
experiment  because  it  is  one  of  the  best  greenhouse  varieties 
in  the  Edmonton  district.  CCC  came  from  the  same  source  as 
described  in  the  field  experiments. 

The  experiments  were  conducted  at  the  University  of  Alberta 
greenhouse,  in  a  24  inch  high  ground  bench  in  3:2:1  soil  mixture. 
The  size  of  the  bench  was  42  ft.  x  9  ft. 

Soil  analysis  was  made  before  the  plants  were  set  in  the 
bench.  The  available  nitrate  was  2  ppm,  phosphorus  4  ppm  and 
potassium  8  ppm,  which  were  all  considered  low  in  comparison  with 
the  level  of  20-40  ppm  nitrate,  5-10  ppm  phosphorus  and  20-30  ppm 
potassium,  considered  to  be  adequate  in  good  soil.  The  pH  was 
6.3  and  the  soil  contained  0.8  soluble  salts  which  was  considered 
negligible . 

The  plants  were  seeded  in  vermiculite  and  after  germination 
they  were  pricked  out  in  to  a  1:1:1  soil  mixture  in  3  1/2  inch 
clay  pots.  They  were  watered  with  100  ml.  starter  solution  per 
pot.  The  concentration  of  the  solution  was  1  oz.  10-52-17 /gallon 
of  water. 

When  the  plants  reached  the  4th  to  5th  leaf  stage,  and  were 
about  12  cms .  in  height  (Illustration  #1) ,  the  first  CCC  applica¬ 
tions  were  applied  in  the  following  concentrations: 
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Illustration  1. 


Tomato  plants  at  the  time  of  the  first  CCC  application.^" 


Illustration  2 . 


Tomato  plants  at  the  time  of  the  second  CCC  application 
(Ten  days  after  Illustration  1).^ 
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'  Concentrations 

0  ppm  CCC 
150  ppm  CCC 

}  soil  drench 

500  ppm  CCC 
150  ppm  CCC 

}  spray 

500  ppm  CCC 

Plants  treated  with  a  soil  drench  received  100  ml.  CCC  per 
pot,  and  those  in  and  were  sprayed  with  a  jet-type  hand 
sprayer  until  the  chemical  was  running  off  the  leaves  and  stems, 

A  few  drops  of  Tween  20  were  added  to  the  spray  solution  to  in¬ 
crease  the  adhesion  to  the  plant. 

Ten  days  after  the  first  CCC  application  the  plants  were 
set  in  the  bench  and  received  the  second  CCC  treatment.  The 
concentrations  were  the  same  as  above.  Plants  treated  with  CCC 
as  a  soil  drench  received  the  CCC  with  the  starter  solution.  Ten 
ounces  of  10-52-17  was  dissolved  in  10  gallons  of  water  then  made 
up  to  the  appropriate  concentration  with  CCC.  Plants  treated  with 
the  CCC  foliar  application  received  only  starter  solution. 

The  experiment  was  designed  as  a  randomized  block  with  the 
five  treatments  being  replicated  three  times.  Each  treatment 
within  each  replication  consisted  of  5  plants  per  row.  The  plants 
were  55  cm.  apart  in  the  row,  and  the  rows  were  75  cm.  apart. 

Guard  rows  were  used  along  the  two  ends  of  the  bench. 

The  tomatoes  received  fertilizer  applications  at  weekly 
intervals.  During  the  first  and  second  weeks  they  received  10-52- 
17,  and  in  the  subsequent  weeks  20-20-20.  In  all  treatments  10 


Treatment 

1 

2 

3 

4 

5 


355  •  . 


'  ’  aa  /  Jfiotarrfo  Bill  'Hum  isji  yqz 


6’  »  *3  ^i  sib  Hoe  u  ifaiw  baii-s-*  eo/ralq 

tar*  , T  nt  aeorfi  >nn  ,  3o  (- 


•■:«  •  *  -  >  o.i  •  .-s  ->  •»:  l  r  1  J  e  DTt  v-»i  A 


•  '  ■  SI  H  «••'  trc.  -  >f  :  :  )ril  98.  STD 


>  c  .  Aoilqqi  »>D  if  f  *  9  Ma  avab  nsT 


,  J-  J*  i:  J  ®0b  of  r  d  nil  ,5v  3n:>i  i  xira  (toftsrf  9/1 5  nl  3/  8 
'  ;  *  1  '!  •  ‘  s'  '<  •'•  e  a  *  di  -■  9*  3  r  c  Hr.  l  :  d 


V 


0  )  rfiJrw  <ro  i3Bi  a*** -fooTqq* -aif*  o3  gu 

. 

J  93  L  o  i  !  q  <  'J  >i  c;  3  •  i  n  svJti 


3  >3  *  ;  j  hnt*  .  I  r.  ’  i*rn.n «  ?  P  a  vau 


st6W  hfiB  Ddj  n.>  *v*qa  wo  dd  atsw 


1 1  ® ^  1  o  <*  bn9  ow3  O'O  s j»o  •’ a  aeu  st  tuoi 


b'rau? 


J.aa39«  ins  a.iJH  ,,!,  SBllua 


36 


ounces  of  fertilizer  were  dissolved  in  10  gallons  of  water  and 
each  plant  received  500  ml0  in  a  groove  around  the  plant,, 

The  following  observations  were  made: 

a)  The  heights  of  the  plants  were  measured  six  times  at 
weekly  intervals,  starting  one  week  after  the  second  CCC  appli¬ 
cation. 

b)  Stem  thickness  and  internode  length  from  the  2nd  to  7th 
node  were  measured. 

c)  The  number  of  days  from  germination  to  the  first  inflores¬ 
cence  was  noted,  and  also  the  flower  position  and  flower  number 

in  the  first  inflorescence. 

d)  Yield  measurements  were  taken  in  grams  and  numbers.  The 
average  weight  of  the  fruits  was  also  calculated. 

e)  In  the  last  three  harvests,  the  fruits  were  halved  to 
determine  the  percentage  of  par thenocarp ic  fruits. 

2 „  Results . 

Ten  days  after  the  first  CCC  application,  plants  which  received 
the  drench  appeared  to  be  darker  green  in  color  and  stockier  (Illus¬ 
tration  #2).  These  differences  became  more  apparent  a  week  after 
the  second  CCC  treatment.  By  this  time,  plants  which  had  received 
500  ppm  spray  application  were  showing  a  slight  chlorosis  along 
the  margin  of  the  leaflets  (Illustration  #3).  This  disappeared 
about  a  week  later.  The  color  of  the  leaf  was  also  darker  green 


and  somewhat  smaller  than  the  control. 
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Illustration  3 . 


Chlorosis  on  tomato  leaves  caused  by  application  of  CCC. 
control.  T5  received  500  ppm  CCC  as  a  foliar  application. 


Effects  of  CCC  on  the  development  of  tomato  plants.  Treated  plant 
has  shorter  internodes  and  the  stem  appears  to  be  thicker.  T-^  control. 

T3  received  500  ppm  CCC  as  a  soil  drench. 
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a)  Effects  of  CCC  on  the  height  of  tomato  plants;  Plants 
which  received  CCC  as  a  soil  drench  and  foliar  application  in  500 
ppm  concentration  were  significantly  reduced  in  height  compared 
to  the  control  plants,  and  those  receiving  the  150  ppm  foliar 
application.  Four  weeks  after  the  second  CCC  treatment,  the 
plants  which  received  the  500  ppm  foliar  application  had  almost 
reached  the  same  height  as  those  which  received  the  150  ppm  CCC 
foliar  application.  In  all  treatments,  as  the  CCC  concentrations 
increased,  the  height  of  the  plants  decreased.  This  difference 
was  quite  pronounced  in  the  first  6  weeks  after  the  second  CCC 
treatment.  Later,  the  heights  of  the  plants  levelled  off,  with 
the  exception  of  those  receiving  the  500  ppm  soil  drench.  The 
height  differences  are  summarized  in  Table  IV  and  Figure  3. 

b )  Effects  of  CCC  on  stem  thickness  and  internode  length:  As 
a  result  of  CCC  treatment  the  stems  were  shorter.  The  shortest 
internode  lengths  were  observed  on  the  plants  which  received  the 
CCC  as  a  soil  drench.  The  spray  treated  ones  also  appeared  shorter 
but  their  differences  were  not  significant  (Illustration  #4). 
Thicker  stems  were  observed  on  the  plants  which  received  the  CCC 
applications,  especially  those  receiving  CCC  as  a  soil  drench. 

The  differences  in  stem  thickness  and  internode  length  are  demon¬ 
strated  in  Table  V. 

c)  Effects  of  CCC  on  the  flowering  date,  flower  position  and 
flower  number  in  the  first  inflorescence;  CCC  treated  plants 
flowered  earlier  and  in  most  cases  at  a  lower  node  than  the  non  — 
treated  control  plants.  Plants  which  received  the  150  ppm  foliar 
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TABLE  IV 

Average  heights  of  plants  of  Lycopersicon  esculentum  L. 
(Tuck  Queen)  in  cms .  s  two >  four  and  six  weeks  after  the 

second  CCC  application. 


Treatments 

Mean  Height 

2  weeks  4  weeks  6  weeks 

After  the  second  CCC  application 

0  ppm  CCC 

32  a  + 

52.00  a 

75  a 

150  ppm  CCC, 

}  drench 

23  b 

38.00  be 

62  b 

500  ppm  CCC 

22  b 

36.00  c 

58  c 

150  ppm  CCC, 

i  spray 

30  a 

48.00  a 

68  d 

500  ppm  CCC 

22  b 

42.00  b 

6  4  c 

Analysis  of  variance  table 

2 

weeks  4 

weeks 

6  weeks 

Source  d.f.  MS 

F  MS 

F 

MS  F 

Replications  2  .50 

1.45 

36.00  9.94** 

Treatments  4  67.00 

33.50**  55.65 

11.47** 

131.00  36.18** 

Error  8  2.00 

4.85 

3.62 

**  Significant  at  1%  level. 

t  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan’s  new  multiple  range 


test  ( 34) . 
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FIGURE  3. 


The  effects  of  CCC  on  the  height  of  Lycopfersicon  esculentum  L 
(Tuck  Queen)  grown  under  glass  during  the  winter  of  1965/66* 


T,  =  Control 

*  ft 

T2=  150  ppm.  CCC.  drench 
T3-  500  ppm.  CCC  drench 
150  ppm.  CCC.  spray 
T5s  500 ppm.  CCC.  spray 
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TABLE  V 

Effects  of  CCC  on  the  stem  thickness  and  internode  length 
of  Lycopersicon  esculentum  L.  (Tuck  Queen). 


Treatments 

Stem  thickness 

at  6th  internode 

in  mm. 

Internode 

between  5th 

node  in 

length 

and  6th 

mm . 

0 

ppm 

CCC 

14.0  at 

4.1 

a 

150 

ppm 

CCC}  drench 

16.6  b 

2 . 6 

b 

500 

ppm 

CCC 

17.9  c 

2 . 7 

b 

150 

ppm 

CCC, 

}  spray 

15. 3  d 

3.6 

a 

500 

ppm 

CCC 

15.4  d 

3.8 

a 

Analysis 

of  variance  table 

Stem 

thickness 

Internode 

length 

Source 

d.f. 

MS 

F 

MS 

F 

Replications 

2 

.45 

0 

Treatments 

4 

6.72 

49 . 81 

1.40 

5.00* 

Error 

8 

.  14 

.28 

*  Significant  at  5%  level. 

t  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan's  new  multiple  range 


test  (  34 )  . 
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spray  flowered  5  days  earlier  than  the  control,  while  the  soil 
drench  also  enhanced  flowering,  but  to  a  lesser  degree,, 

The  position  of  the  first  flower  cluster  was  significantly 
lowered^  on  plants  which  received  CCC  as  a  soil  drench  or  500 
ppm  foliar  application. 

The  number  of  flowers  in  the  first  flower  cluster  was  also 
increased  on  plants  which  received  CCC  applications.  The  number 
of  days  from  germination  to  the  first  inflorescences  are  summar¬ 
ized  in  Table  VI  and  Figure  4.  The  flower  position  and  flower 
numbers  are  summarized  in  Table  VII. 

d)  Effects  of  CCC  on  yield  and  average  fruit  weights:  In 

some  cases  CCC  increased  yield  tremendously.  In  the  first  two 
weeks  of  harvest,  the  plants  which  received  150  ppm  foliar 
application  outyield<ed  control  about  four  times.  The  two  drench 
applications  also  increased  the  early  yield  about  20%  over  control, 
while  the  500  ppm  foliar  application  reduced  the  yield  30%  compared 
to  the  control.  These  results  are  recorded  in  Table  VIII. 

The  total  yields  showed  somewhat  different  results.  Plants 
which  received  150  ppm  foliar  application  outyielded  the  control 
over  20%,  while  the  150  ppm  soil  drench  and  500  ppm  foliar 
applications  were  not  significantly  different  from  control.  Plants 
receiving  500  ppm  soil  drench  yielded  10%  less  than  control.  These 
results  are  summarized  in  Table  IX.  The  average  weight  of  the 
fruits  was  not  affected  by  the  CCC  treatments. 

e)  Effects  of  CCC  on  par thenocarp ic  fruit  development;  It 
appeared  from  this  experiment,  that  CCC  increased  the  number  of 
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parthenocarpic  fruito  The  percentage  was  rather  high  in  all 
cases,  especially  plants  which  received  the  foliar  applications 
and  plants  treated  with  500  ppm  CCC  as  a  soil  drench.  The  results 
are  demonstrated  in  Illustration  #5,  Table  X  and  Figure  5„ 
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TABLE  VI 

Effects  of  CCC  on  the  number  of  days  from  germination  until 
the  appearance  of  the  first  inflorescence  of  Ly coper si  con 

es culentum  L.  (Tuck  Queen) 


Treatments 

Average 

days 

0 

ppm 

CCC 

67.8 

a  + 

150 

ppm 

CCC 

66.4 

ab 

}  drench 

500 

ppm 

CCC 

65 . 2 

b 

150 

ppm 

CCC 

62 . 1 

c 

}  spray 

500 

ppm 

CCC 

67 . 7 

a 

Analysis  of  variance  table 

Source 

d.f. 

MS 

F 

Replications 

2 

2 . 50 

Treatments 

4 

16 . 00 

16.00** 

Error 

8 

1.00 

**  Significant  at  1%  level. 

+  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan's  new  multiple 
range  test  ( 34)  . 
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FIGURE  4. 

Number  of  days  from  germination  until  the  appearance  of  the 

•  •  •  ’  >’<’  j . 

first  inflorescence  of  Lycopersicon  esculentum  L.  (Tuck  Queen). 


T,  =  Control 

T2  =\  l50ppm.CCC •  drench 
T3  =  500ppm.CCC.drench 
T4  -  150  ppm.CCC.  spray 
T5  -  500 ppm.CCC. spray 
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TABLE  VII 

Effects  of  CCC  on  the  flower  position  and  number  of 
flowers  of  Ly  copersicon  es  culentum  L.  (Tuck  Queen). 


Treatments 

No. 

of  nodes  to  first 

flower  cluster 

No.  of  flowers  in  first 

c lus ter 

0 

ppm 

CCC 

7.60 

a 

8. 1  a+ 

150 

ppm 

CCC} 

drench 

7.13 

b 

12.3  b 

500 

ppm 

CCC 

7.13 

b 

10.2  c 

150 

ppm 

CCC  y 

spray 

7.20 

ab 

9.9  ac 

500 

ppm 

CCC 

7.13 

b 

11.0  b 

Analysis 

of  variance 

table 

No.  of  nodes 

to  first 

No.  of  flowers 

flower  cluster 

in  first  cluster 

Source 

d.  f. 

MS 

F 

MS  F 

Replications 

2 

.02 

3.0 

Treatments 

4 

.  16 

3.2 

7.2  4.5* 

Error 

8 

.05 

1 . 6 

*  Significant  at  5%  level. 

t  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan's  new  multiple  range 

test  ( 34)  . 
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TABLE  VIII 

Effects  of  CCC  on  the  early  yields  of 
Ly  coper sicon  esculentum  L.  (Tuck  Queen) 


Treatments 

Av.  yields  in 

gms .  Nov  2-16 

Av .  yie 

no.  Nov 

Ids  in 

2-16 

0 

ppm 

CCC 

382 

at 

4.3 

a 

150 

ppm 

CCC} 

drench 

460 

b 

6.3 

b 

500 

ppm 

CCC 

450 

b 

4.6 

ab 

150 

ppm 

ccc} 

spray 

1,214 

c 

11.6 

b 

500 

ppm 

CCC 

280 

a 

3.3 

b 

Analysis  of  variance 

tab  le 

Av .  yields 

in 

Av. 

yields  in 

Source 

d.f. 

qms . 
MS 

F 

MS 

no . 

F 

Replications 

2 

5  ,314 

4 

Treatments 

4 

419  ,590 

8.39 

32  .  7 

3 . 85* 

Error 

8 

50  ,000 

•  J 

00 

*  Significant  at  5%  level. 

t  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan's  new  multiple  range 


test  ( 34) . 
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TABLE  IX 

Effects  of  CCC  on  total  yields  and  average  weights 
of  fruits  of  Lycopersicon  es oulentum  L.  (Tuck  Queen). 


Treatments 

Av.  yields 
in  kg . 

Nov  2-Dec  3 

Av.  yields 

in  no . 

Nov  2-Dec  3 

Av .  weight 
in  grams 

Nov  2-Dec  3 

0 

ppm 

CCC 

2.23 

a+ 

31.0  ab 

72.3  a 

150 

ppm 

CCC,  A  U 

}  drench 

2 .28 

a 

35.3  ab 

65.0  a 

500 

ppm 

CCC 

1.95 

b 

27.3  a 

71.0  a 

150 

ppm 

CCC, 

}  spray 

3.8 

c 

43.0  b 

71.3  a 

500 

ppm 

CCC 

2.34 

a 

35.0  ab 

6  6.6  a 

Analysis  of  variance  table 


Source 

d.f . 

Av 

MS 

.  yields 
in  kg . 

F 

Av . 

in 

MS 

yie Ids 

no. 

F 

Av. 

in 

MS 

weight 

grams 

F 

Replications 

2 

.  39 

52.0 

84 

Treatments 

4 

.  52 

4.00* 

102.5 

2.47 

31 

- 

Error 

8 

.  13 

41.50 

33 

*  Significant  at  5%  level. 

t  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan’s  new  multiple  range 
test  ( 34 ) . 
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Illustration  5. 


Par thenocarp ic  tomato  fruit.  The  highest  percentage  of 
par thenocarpic  fruit  was  harvested  from  the  plants  sprayed 

150  ppm  CCC . 
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TABLE  X 

Effects  of  CCC  on  parthenocarpic  fruit  development  of 
Ly copersicon  es'  ulentum  L.  (Tuck  Queen). 


Treatments 

Mean  Numbers  in  % 

0 

ppm 

CCC 

25.30 

a+ 

150 

ppm 

ccc} 

drench 

56 . 30 

b 

500 

ppm 

CCC 

71.30 

c 

150 

ppm 

CCC  , 

85 . 30 

c 

} 

spray 

500 

ppm 

CCC 

72.60 

c 

• 

Analysis  of 

variance  table 

Source 

d.f. 

MS 

F 

Replications 

2 

83 

Treatments 

4 

1,591 

23.74** 

Error 

8 

67 

**  Significant  at  1%  level. 

t  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan's  new  multiple  range 


test  ( 34) . 
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C.  LABORATORY  EXPERIMENTS. 

1.  Preparation  of  samples  for  the  determination  of  chloro¬ 

phyll  and  phosphorus  content. 

Leaf  samples  were  collected  from  CCC  treated  and  un¬ 
treated  tomato  leaves  at  two  different  stages  of  growth.  The 
first  samples  were  taken  at  the  5th  to  6th  leaf  stage  when  the 
plants  were  set  in  the  bench.  This  was  at  the  stage  at  which 
the  plants  received  the  second  CCC  application.  The  third  leaf 
was  removed  from  each  plant.  Thirty  days  later  another  set  of 
leaf  samples  was  collected.  In  this  case  the  6th  leaf  was  removed 
from  each  plant.  Only  the  leaflets  from  the  leaves  were  saved. 

The  rachis  was  discarded. 

The  soil  particles  were  brushed  from  the  leaflets  before 
drying  which  was  done  in  a  forced  air  drying  oven  at  a  temperature 
of  65-70°C  for  24  hours. 

To  ensure  representative  samples  and  complete  extraction 
in  analyses  involving  acetone  extraction  for  chlorophyll,  the 
dry  tissues  were  ground  to  a  fine  powder  before  analyses.  The 
samples  were  then  stored  in  small  aluminum  containers  until 
required . 

2.  Chlorophyll  determinations. 

a)  Materials  and  Methods:  The  dry  leaf  tissue  was 

weighed  and  then  ground  further  using  a  mortar  and  pestle  with 
fine  sand  as  an  abrasive.  Complete  extraction  of  the  pigments 
was  found  to  be  dependent  upon  very  thorough  grinding.  Three 
aliquots  of  approximately  10  mis.  of  80%  acetone  were  used  to 
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extract  the  pigments  from  the  ground  sample.  The  extracts  were 
filtered  with  a  Buchner  funnel  through  a  double  layer  of  Whatman 
#1  filter  paper.  The  filtrate  was  washed  with  a  further  ali¬ 
quot  of  acetone,  then  made  upt  to  an  appropriate  volume  and  an 
aliquot  used  immediately  to  measure  the  pigment  concentration. 

The  chlorophyll  measurement  was  carried  out  with  a  Beckman 
DK-1  spectrophotometer.  The  optical  density  of  the  extracts 
was  measured  at  665  and  645  my,  these  being  the  respective  peak 
absorption  wavelengths  for  chlorophyll  a.  and  chlorophyll  b.  in 
acetone . 

The  concentrations  of  chlorophyll  a_  and  _b  were  calculated 
using  the  equations  given  by  Maclachlan  and  Zalik  (24).  These 
were  : 


(12.3  x  D 5 & 3  “  *86  x  D545)  V 
a  .  ~ 


d  x  1000  x  W 


(19.3  x  D645  -  3.6  x  D663)  V 
cb  " - 


.  d  x  1000  x  W 

where:  C  =  concentration  in  mg/g  leaf  tissue;  a_  -  chlorophyll  £i; 
b  =  chlorophyll  b^;  D  =  optical  density  at  wavelength  given  in 
my;  V  =  volume  of  sample  in  ml. ;  d  =  path  length  of  the  cell 
in  cm.;  and  W  =  weight  of  sample  in  grams. 

b)  Results:  Samples  taken  10  days  after  the  first  CCC  appli¬ 
cation  showed  no  significant  difference  in  their  chlorophyll  con¬ 
tent.  Thirty  days  later  there  were  significant  differences  bet¬ 
ween  chlorophyll  content  of  the  samples.  The  chlorophyll  content 
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was  the  highest  in  the  plants  which  received  the  CCC  as  drench 
application  and  in  the  plants  receiving  the  500  ppm  foliar 
application.  The  results  are  summarized  in  Table  XI  and  Figure  6. 

3.  Phosphorus  determinations. 

a)  Materials  and  Methods:  The  total  phosphorus  content  of 
the  leaf  samples  was  determined  by  the  Metavandate  method.  This 
procedure  was  developed  on  the  basis  of  several  other  methods 
by  the  Department  of  Soil  Science  of  the  University  of  Alberta. 

Ashing  procedure:  1  gram  of  sample  was  weighed  into  a 

#2  crucible,  then  5  ml.  of  magnesium  nitrate  solution  was  added 
from  an  automatic  pipette  and  a  little  magnesium  oxide  powder 
was  added  on  the  end  of  a  spatula.  It  was  evaporated  to  dryness 
at  a  very  low  heat  to  prevent  splatterings  and  frothings.  The 
dried  sample  was  then  placed  in  a  muffle  furnace  at  800°C  for 
30  minutes,  The  ash  was  then  dissolved  by  15  ml.  of  concentrated 
hydrochloric  acid,  and  filtered  into  a  200  ml.  volumetric  flask. 

Colorimetric,  procedure:  10  ml.  aliquot  was  measured  into  a 

50  ml.  volumetric  flask,  10  ml.  combined  HNO^  Vanadate-Molybdate 
reagent  and  brought  up  to  volume.  The  developed  color  was 
measured  in  a  Universal  Spectrophotometer  at  a  wavelength  of 
415  my.  Distilled  water  was  used  as  a  blank. 

The  concentrations  of  phosphorus  were  calculated  using  the 
following  formula: 

%P  =  .  842  4 ( OP)  -  .05 
Wt . 

i 

where:  P  =  phosphorus  in  %;  OD  =  optical  density  at  415  my 
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TABLE  XI 

Chlorophyll  ( a+b )  content  of  leaves  of  Ly copersicon 
esculentum  L.  (Tuck  Queen)  SO  days  after  the  second 

CCC  application 


Treatments 

Mean  Number 

mg /gram 

0  ppm 

CCC 

6.95 

at 

150  ppm 

CCC  j 

drench 

10.71 

b 

500  ppm 

CCC 

11.62 

c 

150  ppm 

CCC} 

spray 

8.50 

d 

500  ppm 

CCC 

9.61 

e 

Analy sis  of 

variance  table 

Source 

d.  f. 

MS 

F 

Replications 

2 

0 

Treatments 

4 

10 . 00 

4  0** 

Error 

8 

.  25 

**  Significant  at  1%  level. 

t  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan's  new  multiple  range 
test  (34). 
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,  FIGURE  6. 

Chlorophyll  (a.+_b)  content  of  Lycopersicon  esculen turn  L. 

Queen)  leaves  following  two  applications  of  CCC 


li  s  Control 

T2  =  150  ppm.  CCC. drench 
5  -  500ppmCCC. drench 
74-/50  ppm.  CCC .  spray 
7^  =  500 ppm.  CCC  spray 


30  days  after  the  second 
CCC.  application 


At  the  time  of  second 
CCC.  application 


( 


Treatments 


(Tuck 
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wavelength;  wt.  =  weight  of  sample, 

b)  Results:  The  phosphorus  content  of  treated  and  untreated 
plants  was  not  significantly  different  in  either  growth  stage. 
However,  samples  taken  30  days  after  the  second  CCC  application 
showed  a  slight  difference  in  phosphorus  content  between  CCC 
treated  and  untreated  plants.  The  CCC  treated  plants  had 
slightly  lower  phosphorus  content  than  the  untreated  plants. 

The  results  are  summarized  in  Table  XII  and  Figure  7, 
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TABLE  XII 

Phosphorus  content  of  leaves  of  Ly copersicon  esculentum  L. 
(Tuck  Queen)  30  days  after  the  second  CCC  application. 


Treatments 

Mean  Number  in  % 

0  ppm 

CCC 

1.30  a 

150  ppm 

CCC,  J  , 

}  drench 

1.09  a 

500  ppm 

CCC 

1.08  a 

150  ppm 

CCC, 

}  spray 

1.04  a 

500  ppm 

CCC 

1.07  a 

Analy  sis  of 

variance  table 

Source 

d.  f. 

MS  F 

Replica  t ions 

2 

.  35 

Treatments 

4 

2.30 

Error 

8 

1.67 

The  phosphorus  content  of  the  leaves  was  not  significantly 


dif  f erent . 


' 
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FIGURE  7 . 

Phosphorus  content  of  Lycoperslcon  esculentum  L.  (Tuck  Queen) 

leaves  on  dry  weight  basis. 


Tt  =  Control 

T2  =  150  ppm.  CCC.  drench 
T3  =  500 ppm.  CCC.  drench 
T4  =  150  ppm.  CCC.  spray 
T5  =  500  ppm.  CCC-  spray 


30  days  after  the  second 
CCC.  application 


12  3  4  5 

Treatments 
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D.  GROWTH  CHAMBER  EXPERIMENTS. 

1.  Materials  and  Methods. 

The  previous  experiments  were  repeated  in  the  growth 
chamber  using  the  same  variety  and  the  same  treatments. 

This  experiment  consisted  of  only  15  plants  due  to  space 
shortage  in  the  growth  chamber.  Three  plants  represented  one 
treatment.  The  plants  were  planted  in  1:1:1  soil  mixture  in  one 
gallon  plastic  pails. 

The  objectives  in  this  experiment  were  to  counter-check 
the  previously  described  results,  and  secondly  to  check  the 
effect  of  CCC  on  root  development. 

The  plants  were  grown  in  the  growth  chamber  for  six  weeks 
after  the  second  application  of  CCC.  All  the  fruits  were  then 
harvested  from  all  the  plants,  counted  and  weighed.  The  roots  of 
each  plant  were  removed,  washed  and  weighed. 

2 .  Results : 

CCC  had  similar  effects  on  plant  growth  and  development 
as  previously  described  in  the  first  experiments. 

The  total  fruit  weight  and  number  was  the  highest  on  plants 
which  had  received  the  150  ppm  CCC  as  a  foliar  application.  The 
fruit  number  and  weight  was  the  lowest  on  the  untreated  control. 
These  results  are  summarized  in  Illustration  #6.  The  results 
were  not  analyzed  statistically  because  the  yield  figures  were 
obtained  from  only  15  plants. 

The  experiment  also  indicated  that  CCC  reduces  the  size  of 


>  1 5-q  £  o  ii*  * 

' 

•01-  8  C  J  I  V  £  '  v  li  n  rj  JaflO'  7S»  X.  8'iri” 

to  £  ljj.i  ?j  i  a  1  :  !  I  ,  0??  q  n<  Iq  s<  T  ir'HjjJa  V'3 

f  I.  q  ..  i  *  al ..  no  " 

a  o  ri  9  3  lit/oo  o3  a  w  3ns  a  aJtril  nl  enviij  L:o  e>rfT 

art  ;  jJd  ••  :  J  •■  f>j  0  3  ,  si  -v  :>i  bddJtloea  ;i.-  Si 

.ti  *io  ltd  vda  dlw  ad 3  nl  nr  03;,  a -3  aw  sjualq  arfT 

- 

s  'i6  <»3<  o  , <  iflBlq  :  l  a  noil  LsJasv  ir.rt 

L  o  d  ,v  s»  v  brio  ,,  bs  oil  si  nrsv  snilq  rioc  a 

ban  .  3  •;  J ot X q  Co  3  d'i^a  lallarle  b*rf  DO 

.  .  na.  agx&  3e  .  i  rf3  cri  bod  t  •  -  yCeuolvsiq  8a 
mi  oo  3e  1 ;  ri  i  r  iad-  y  3on  3r(  la>  Jim  ^o.l  >riT 

4  00  163  icq  .  '  vl  B  3  *  01  04  'j  ’  ftv  0'>5  .  5  k,ii  rf.il  1  w 

■  r  ••  ..  1 3  ...  iiigisw  boi  i- a  duo  I)  3±oil 

a)Iu89i  ariT  ,d*S  nol3a *3  eull  I  nrl  b*3  iiBitrnme  bib  adlireai  searfT 

•  83a?lq  21  flioi  1  baalaldo 

i  1  *-  s  3  eMubsi  DDO  iaril  b33*olkr.i  oaXa  icraolidqxa  ariT 


Illustration  6 . 


T1 

T 

2 

T3 

T4 

T5 

No .  of 
fruits  = 

22 

36 

29 

30 

26 

Weight  in 
grams  = 

72 

1402 

1328 

1609 

1099 

Tomatoes  harvested  from  three  plants  in  each  treatment  six  weeks 

after  the  second  CCC  application. 


Illustration  7 . 


120gm.  98gm.  70gm.  104gm.  106gm.t 

The  effects  of  CCC  treatments  on  tomato  root  development. 


■^Figures  represent  the  average  root  weight  of  three  plants. 
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the  root.  This  reduction  was  the  most  severe  in  the  case  of  the 
500  ppm  CCC  drench  application,  followed  by  the  150  ppm  soil  drench 
and  then  the  150  ppm  foliar  treatment.  It  would  appear  that  CCC 
had  the  least  effect  on  the  roots  of  plants  when  applied  as  a 
500  ppm  foliar  spray.  The  results  are  demonstrated  in  Illust¬ 
ration  #7  . 
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E.  DISCUSSIONS  AND  CONCLUSIONS. 

The  main  purpose  of  these  experiments  was  to  investigate 
the  effects  of  CCC  on  early  yields  of  tomato  plants  under  Alberta 
growing  conditions. 

It  was  reported  previously  (1,3,9,18,40,50)  that  CCC  treat¬ 
ments  increased  early  yields  in  tomatoes.  Not  every  variety  res¬ 
ponded  similarly  to  CCC,  therefore,  these  investigations  were 
initiated  to  determine  how  a  local  field  and  greenhouse  variety 
would  respond  to  CCC. 

The  experiments  indicated  that  CCC  applied  either  as  a  soil 
drench  or  as  foliar  treatments,  increased  the  early  yields.  How¬ 
ever,  the  150  ppm  CCC  foliar  treatment  applied  first  at  the  4  to 
5  leaf  stage  and  again  ten  days  later,  had  the  most  beneficial 
effect.  It  increased  the  early  yields  in  the  first  two  weeks  of 
harvest  four  times  compared  to  control,  and  total  yields  from 
the  first  two  clusters  20%  compared  to  control.  Similar  results 
were  obtained  in  the  second  experiment  in  the  growth  chamber 
(Illustration  # 6 ) •  Tiessen  (39)  also  suggested  that  foliar 
applications  of  CCC  might  be  beneficial  at  the  right  concentrations. 

While  150  ppm  CCC  treatment  increased  early  yield,  500  ppm 
CCC  applied  as  a  foliar  spray  decreased  early  yield  30%  compared 
to  control.  The  500  ppm  foliar  spray  was  found  to  cause  chlorosis 
on  the  margins  of  the  leaflets,  which  disappeared  within  a  week. 
Other  workers  (4,28,50)  also  reported  chlorosis  caused  by  excessive 
amounts  of  CCC  along  the  midrib  of  the  leaflets,  which  extended 
towards  the  margins.  In  the  present  experiment,  however,  it 
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started  on  the  margins  of  the  leaflets  as  shown  in  Illustration  #6. 

This  may  have  been  due  to  the  fact  that  in  previous  reports 
chlorosis  was  induced  by  soil  applications,  while  in  this  experiment 
it  was  caused  by  500  ppm  foliar  application. 

Soil  drench  applications  approximately  doubled  early  yields 
at  250  ppm  and  500  ppm  concentrations  under  field  conditions  with 
the  variety  Early  Alberta.  In  the  greenhouse,  with  the  Tuck 
Queen  variety,  the  150  ppm  and  500  ppm  soil  drench  increased  the 
early  yield  20%  compared  to  control.  The  750  soil  drench  under 
field  conditions  and  the  500  ppm  in  the  greenhouse  suppressed  the 
growth  excessively,  which  resulted  in  the  reduction  of  total 

yields.  Andrew  (1)  also  noted  increased  early  yield  of  about 

_  3 

50%  under  field  conditions  with  10  M  (about  158  ppm)  CCC  solu¬ 
tion  applied  as  a  soil  drench  at  transplanting  time.  Similar 
results  were  reported  by  Wittwer  (50),  Tiessen  (39),  and  Heeney  (18). 

It  was  also  reported  that  CCC  applied  as  a  soil  drench  in¬ 
creased  the  number  of  flowers  in  the  first  flower  cluster,  and 
that  the  first  cluster  appeared  at  a  lower  node  (18,39,50).  The 
present  results  confirm  these  reports.  The  first  flower  cluster 
appeared  at  a  lower  internode,  and  the  number  of  flowers  also 
increased  in  all  plants  treated  with  CCC  compared  to  control. 

CCC  also  accelerated  flowering.  Plants  which  received  the  150  ppm 
foliar  sprays  flowered  five  days  earlier  than  control  plants. 

Plants  receiving  other  treatments  also  flowered  somewhat  earlier 
than  the  control  plants.  The  above  findings  support  those  of 


Tiessen  and  Wittwer. 
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Tiessen  (40)  reported  that  CCC  applied  as  a  soil  drench 
reduced  the  size  of  the  tomato  fruit.  Reduction  in  size  of 
the  fruit  was  not  reported  in  other  reports.  The  average 
weights  of  the  fruits  in  this  experiment  were  not  affected  by 
CCC  treatments  either  in  the  field  or  in  the  greenhouse. 

The  Tuck  Queen  tomato  fruits  grown  in  the  greenhouse  had  a 
high  percentage  of  par thenocarp ic  fruits.  Previously  only  two 
cases  were  reported  where  CCC  induced  p ar thenocarp ic  fruit. 
According  to  Wittwer  and  Tolbert  (51),  when  CCC,  combined  with 
GA  and  IAA  was  applied  to  tomato  ovaries,  par thenocarpic  fruit 
was  induced.  They  also  reported  that  when  CCC  was  applied  at  a 
low  concentration  to  tomato  plants  with  increased  vegetative  and 
dry  matter  accumulation,  some  par thenocarpic  fruit  was  produced. 

The  experiment  herein  reported  was  conducted  during  the 
winter  when  the  light  intensity  was  very  low,  being  250  to  400 
foot  candle  in  the  greenhouse.  It  is  known  that  low  light  in¬ 
tensity  is  unfavorable  to  tomato  fruit  set,  and  this  may  have  had 
an  effect  on  the  par thenocarp ic  fruit  development.  Another 
possibility  may  be  that  the  tomato  plants  became  infected  with 
Cucumber  mosaic  virus  ( Mar mo r  c u cume r is)  when  the  second  cluster 
started  to  flower.  This  could  have  had  some  effect  on  the  develop¬ 
ment  of  p ar thenocarp ic  fruit. 

The  percentage  of  par thenocarp ic  fruit  was  the  highest  (85%) 
from  plants  which  received  150  ppm  CCC  as  a  foliar  application. 

The  control  had  25.30%. 
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Fruits  harvested  from  plants  grown  in  the  growth  chamber 
had  only  a  few  parthenocarpic  fruit,  which  would  also  indicate 
that  in  the  greenhouse  experiment  there  might  have  been  an 
outside  factor  which  increased  the  parthenocarpic  tendency. 

It  is  felt  that  this  should  be  further  inves t igat ed . 

CCC  applied  to  the  plants  as  a  soil  drench,  suppressed 
plant  growth  considerably,  especially  the  750  ppm  soil  drench 
under  field  conditions  and  the  500  ppm  in  the  greenhouse. 

However,  all  the  soil  drench  applications  retarded  the  heights 
of  the  plants  significantly.  These  results  supported  the 
findings  of  other  workers  (1,18,39,40). 

The  foliar  application  had  a  slight  effect  on  the  size 
of  the  plants.  The  500  ppm  foliar  treatment  suppressed  growth 
for  about  10  days,  but  later  the  plants  started  to  grow  rapidly 
and  almost  equalled  the  height  of  the  control. 

The  reduction  in  plant  size  was  due  to  the  reduction 
in  internode  length.  The  node  number  remained  the  same.  The 
reduction  of  internode  length  was  probably  caused  by  the 
inhibition  of  cell  division  as  suggested  by  Cathey  and  Stuart  (6). 

CCC  applied  as  a  soil  drench  also  increased  the  thickness 
of  the  tomato  stems,  which  was  also  reported  by  Wittwer  (50). 

The  CCC  treated  plants  had  a  darker  color  green  than  the 
control,  as  reported  by  several  research  workers  (4,10,19,25, 
28,37,38,44,50).  Plants  receiving  the  soil  drench  applications 
had  the  darkest  color.  The  foliar  application  was  not  as 
effective  on  chlorophyll  production  as  the  soil  drench. 
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Tolbert  suggested  that  CCC  treatments  on  barley  seedlings 
altered  the  translocation  of  phosphorus .  This  appeared  to  be 
similar  in  tomato  plants.  The  tomato  plants  treated  with 
CCC  had  a  lower  percentage  of  phosphorus  than  the  untreated 
control.  These  differences  were  not  significant,  but  they 
indicate  that  CCC  treatment  may  reduce  the  phosphorus  content 
of  tomato  leaves. 

The  other  possible  explanation  is  that  CCC  treated  plants 
were  already  in  the  advanced  flowing  stage,  at  which  stage 
plants  require  more  phosphorus.  The  fertility  level  of  the 
soil  was  the  same  for  CCC  treated  and  untreated  plants.  There¬ 
fore,  it  is  possible  that  phosphorus  was  translocated  from  the 
leaves  of  CCC  treated  tomato  plants  to  the  flowering  parts. 

It  has  been  reported  by  several  authors  (4,10,50)  that 
CCC  treatment  decreased  the  root  development  of  the  plant. 

These  findings  also  support  such  reports.  The  plants  which 
received  500  ppm  CCC  as  a  drench  application  exhibited  the 
greatest  retardation  of  roots.  The  foliar  application  of 
CCC  had  less  effect  on  the  root  retardation. 

It  was  suggested  (11,14,27,52)  that  CCC  treated  plants 
might  be  able  to  withstand  unfavorable  environmental  conditions 
better  than  the  untreated  ones.  This  was  demonstrated  about  6 
weeks  after  field  setting  in  a  rain  and  wind  storm.  The  CCC 
treated  plants  withstood  the  twisting  affect  of  the  wind,  while 
the  untreated  ones  were  lying  on  the  ground  twisted  and  turned 
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From  the  practical  point  of  view,  it  would  appear  that 
CCC  treatments  on  tomatoes  would  have  some  possibilities  commer¬ 
cially.  Foliar  application  of  150  ppm  CCC  concentrations  applied 
at  the  4  to  5  leaf  stage  at  first,  and  ten  days  later,  resulted 
in  the  greatest  increase  in  early  yields.  The  foliar  appli¬ 
cations  did  not  reduce  the  plant  size  to  the  same  degree  as  the 
drench  applications. 

The  drench  applications  of  CCC  proved  to  be  more  effective 
at  lower  concentrations,  where  the  plants  were  not  retarded 
so  extensively.  This  was  found  with  both  field  and  greenhouse 
varieties.  The  other  possible  advantage  of  drench  applications 
is  that  the  transplants  are  stockier,  and  such  plants  could  be 
field  set  at  a  closer  spacing  and  increase  the  yields  per  acre. 
Also,  the  stockier  plants  may  be  more  resistant  to  certain  en¬ 
vironmental  conditions,  and  would  result  in  a  more  rapid  recovery 
in  the  spring.  Smaller,  stockier  plants  could  also  withstand 
wind  damage  much  better  than  larger  plants,  and  could  facilitate 
mechanical  harvesting  for  the  processing  industry. 
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IV.  EFFECTS  OF  CCC  ON  THE  SEX  EXPRESSION,  GROWTH  AND 


DEVELOPMENT  OF  Cucumis  sativus  L 


A.  FIELD  EXPERIMENTS 


1.  Materials  and  Methods 


The  varieties  Marketer,  Hybrid  Burpee  and  National 


Pickling  were  selected  because  these  are  important  varieties  under 
Edmonton  growing  conditions.  The  CCC  came  from  the  same  source 
as  described  in  the  tomato  field  experiments. 

The  experiments  were  conducted  at  the  Parkland  field  labora¬ 
tory  during  the  summer  of  1965. 

Soil  analysis  was  made  in  the  spring  from  the  plots.  The 
available  nitrogen  was  52  lbs. /acre.  The  phosphorus  was  41  lbs./ 
acre  of  available  phosphorus  and  excessive  quantities  of  potas¬ 
sium  were  found,  the  available  amount  being  580  lbs. /acre.  The 
pH  was  5.6  and  the  soil  contained  a  medium  amount  of  organic  matter. 

The  cucumbers  were  seeded  directly  into  the  field.  The  ex¬ 
periment  was  designed  as  a  randomized  block  with  four  treatments 
replicated  four  times.  Each  treatment  within  each  replication  con¬ 
sisted  of  10  hills  per  row,  seeded  1  m.  apart  in  the  row,  and  each 
row  seeded  2  m.  apart.  Guard  rows  were  used  on  the  borders  of 
each  replication.  The  CCC  treatments  were  as  follows: 


Treatments 


Concentrations 


1 


0  ppm  CCC 


2 


500  ppm  CCC  seed  treatment 

and  soil  drench 


3 


500  ppm  CCC  soil  drench 


4 


1000  ppm  CCC  soil  drench 
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In  treatment  two,  the  seeds  were  soaked  for  24  hours  in 
500  ppm  CCC  solution  before  seeding,  and  a  soil  drench  was 
applied  when  the  first  true  leaves  were  about  1  inch  long. 

Plants  in  treatments  three  and  four  received  a  soil  drench 
application  when  the  first  true  leaf  was  about  1  inch  long. 

This  was  applied  in  a  groove  around  the  hills  at  the  rate  of 
1  litre  per  hill. 

The  cucumbers  were  fertilized  with  300  lbs.  of  16-20-0 
per  acre,  two  weeks  after  field  setting  time.  The  fertilizer 
was  broadcast  around  the  plant  in  a  30  cm.  radius  and  was  raked 
into  the  soil.  The  plants  were  thinned  at  the  same  time  to  2 
plants  per  hill. 

The  following  observations  were  made: 

a)  The  heights  of  the  plants  were  measured  three  times  at 
weekly  intervals,  starting  one  week  after  the  CCC  application. 

b)  The  number  of  male  and  female  flowers  were  counted 
twice  per  week. 

c)  Yield  measurements  were  taken  in  grams  and  also  in 
numbers . 

2 .  Results. 

In  this  experiment,  CCC  did  not  have  an  observable 
effect  on  the  cucumber  plants,  and  it  is  possible  that  the  CCC 
was  lost  in  the  soil  moisture  before  it  could  have  been  absorbed 
by  the  plants.  The  seed  treatment  also  had  no  effect. 
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B.  GREENHOUSE  EXPERIMENTS. 


1.  Experiment  No.  1. 

& )  Material  and  Methods :  In  this  experiment  the  variet¬ 
ies  Marketer  and  Hybrid  Burpee  were  selected.  The  CCC  came  from 
the  same  source  as  described  in  the  tomato  field  experiments. 

The  experiment  was  conducted  at  the  University  of  Alberta 
greenhouse,  in  a  42ft  x  3ft  raised  bench. 

Soil  analysis  was  made  before  the  plants  were  set  into 
the  bench.  The  available  nitrate  was  35  ppm  and  phosphorus  12 
ppm,  while  potassium  was  7  ppm.  The  pH  was  6.4  and  the  soil 
contained  2.2  soluble  salts. 

The  seeds  were  placed  in  a  U.C.  mixture  (50  sand:  50  peat) 
in  3"  wooden  veneer  bands.  They  were  watered  with  starter  solu¬ 
tion  at  a  concentration  of  1  oz.  10-52-17 /gallon  and  100  ml.  of 
solution  was  applied  to  each  band. 

When  the  first  true  leaf  was  approximately  1  inch  in  length 
(Illustration  #8),  the  first  applications  of  CCC  were  made  at 
the  following  concentrations: 


Treatment 


Concentrations 


1 


0  ppm  CCC 


2 


100  ppm  CCC 


3 


250  ppm  CCC 


4 


500  ppm  CCC 


Plants  received  100  ml.  per  band.  Ten  days  after  the  first 


CCC  application,  the  plants  were  set  in  the  bench  wehre  they 
received  the  second  CCC  treatment  (Illustration  #9 ) „  The  con- 
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Illustration  8 . 


Growth  stage  of  cucumber  plants  at  the  time  of  first  CCC 

application . ^ 


Growth  stage  of  cucumber  plants  at  the  time  of  second  CCC 
application. + (Ten  days  after  Illustration  8). 

=  0  ppm  CCC 

T2  =  100  ppm  CCC 

T3  =  250  ppm  CCC 

=  500  ppm  CCC 
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centrations  were  the  same  as  above.  In  this  case  the  CCC  was 
added  to  the  starter  solution  (1  oz.  10-5 2-17 / gallon)  500  ml. 
per  plant . 

The  experiment  was  designed  as  a  randomized  block,  with 
the  four  treatments  replicated  four  times.  Each  variety  was 
treated  as  a  separate  experiment.  Each  treatment  within  each 
replication  consisted  of  two  plants  per  hill  and  two  hills  per 
row.  The  hills  were  planted  50  cm.  apart  in  the  row  and  the  rows 
were  35  cm.  apart.  Guard  rows  were  used  at  each  end  of  the  bench. 

Beginning  one  week  after  benching,  the  plants  were  trained 
upwards  along  a  cord  tied  to  a  network  of  wires  about  4  1/2 
feet  above  the  bench.  Only  one  main  stem  was  brought  up  to 
the  top  of  the  cord.  When  the  branches  started  to  grow  at  a 
leaf  axil,  they  were  pinched  back  at  the  second  leaf.  In  this 
way  the  lateral  branches  also  produced  flowers  and  fruit. 

Since  the  cucumber  is  a  very  heavy  feeder,  it  was  import¬ 
ant  to  maintain  a  constant  high  level  of  nutrition.  They  re¬ 
ceived  regular  fertilizer  applications  in  the  first  two  weeks 
at  the  rate  of  16  ozs.  10-52-17/1000  square  feet  at  weekly  in¬ 
tervals.  During  the  next  four  weeks  they  received  15-30-15 
at  the  rate  of  16  ozs./lOOO  square  feet,  and  during  the  remain¬ 
der  of  the  growing  season  20-20-20  was  applied  at  weekly  in¬ 
tervals  at  the  rate  of  20  ozs./lOOO  square  feet  (12). 

Sexual  reproduction  in  the  cucumber  plant  depends  on 
pollen  transference  from  the  male  flower  to  the  female  flower. 
Since  there  are  normally  no  insects  present  in  the  greenhouse  to 
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provide  a  means  of  pollen  transfer  a  hive  of  honey  bees  was 
placed  in  the  cucumber  house.  The  day  temperature  was  80-90°F 
and  the  night  temperature  70-75°F. 

The  following  observations  were  made: 

a)  The  heights  of  the  plants  were  measured  four  times  at 
weekly  intervals,  starting  one  week  after  the  second  CCC  appli¬ 
cation. 

b)  The  number  of  nodes  preceeding  the  development  of  the 
first  female  flower  were  noted. 

c)  Male  and  female  flowers  were  counted  twice  a  week 
from  June  4th  to  July  27th. 

d)  Yield  measurements  were  recorded  in  grams  and  numbers. 
Fruits  were  picked  when  they  were  approximately  7-8  inches 
long  and  2  to  2  1/2  inches  in  diameter.  Misshapen  or  damaged 
fruits  were  removed  as  soon  as  it  was  evident  that  they  would 
not  develop  normally. 

b)  Results. 

i.  Effects  of  CCC  on  the  heights  of  cucumber  plants:  All 
plants  which  received  CCC  applications  were  significantly  re¬ 
duced  in  height  compared  to  the  control.  This  difference  in 
height  was  first  observed  at  the  tine  when  the  plants  received 
the  second  CCC  application  (Illustration  #9).  The  treated  ones 
were  shorter  and  the  leaves  were  smaller  than  the  control.  The 
differences  in  plant  size  became  even  greater  10  days  after  the 
second  CCC  application. 

CCC  had  a  very  strong  retarding  effect  on  all  treated 
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plants,  especially  those  which  received  the  500  ppm  CCC.  This 
effect  was  evident  throughout  the  growing  season,  on  both  var¬ 
ieties. 

The  results  pertaining  to  height  measurements  are  summar¬ 
ized  in  Table  XIII,  Figure  8  and  Illustrations  #10  and  11 
for  Marketer,  and  in  Table  XIV  for  Hybrid  Burpee. 

i i •  Effects  of  CCC  on  the  node  number  preceeding  the  devel¬ 
opment  of  the  first  female  flower;  Treatments  in  most  cases 
failed  to  result  in  female  flower  production  at  a  lower  node 
number.  In  the  case  of  Hybrid  Burpee,  there  was  great  varia¬ 
tion  within  each  treatment  and  the  differences  were  not  signifi¬ 
cant  . 

The  Marketer  variety  showed  a  somewhat  better  response. 

The  100  ppm  CCC  treatment  significantly  reduced  the  node  number 
to  the  first  female  flower  compared  to  control.  The  other 
treatments,  however,  failed  to  show  any  significant  difference 
compared  to  control.  These  figures  are  presented  in  Table  XV 
for  Hybrid  Burpee,  and  in  Table  XVI  and  Figure  8  for  Marketer. 

i i i .  Effects  of  CCC  on  the  sex  expression  of  the  cucumber: 
CCC  treatments  failed  to  increase  the  number  of  female  flowers 
on  the  treated  plants  in  either  variety.  Most  treatments  de¬ 
creased  the  number  of  flowers  compared  to  the  control. 

The  number  of  male  flowers,  on  the  other  hand,  decreased 
on  all  cucumber  plants  treated  with  CCC.  This  decrease,  in 
the  case  of  the  Marketer  variety,  was  of  sufficient  magnitude 
to  be  statistically  significant.  In  the  case  of  the  Hybrid 
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TABLE  XIII 

Average  heights  of  Cucumis  sativus  L.  (Marketer)  one s 
two  and  four  weeks  after  the  second  CCC  application . 


Heights  in  cms. 

Treatments 

l  week 

2  weeks 

4  weeks 

After 

the 

second  CCC  application 

0  ppm 

CCC 

30cm 

at 

51cm  a 

112cm  a 

100  ppm 

CCC 

2  5  cm 

be 

44cm  a 

102cm  a 

250  ppm 

CCC 

2  6  cm 

ab 

45cm  a 

101cm  a 

500  ppm 

CCC 

2  0  cm 

b  c 

3  6  cm  b 

8  8  cm  b 

Analysis 

of 

variance  table 

l  week 

2  weeks 

4  weeks 

Source 

d.f. 

MS 

F 

MS  F 

MS  F 

Replications 

3 

53.00  7. 

02  ** 

147 

.00  8.67** 

418.00  6.74* 

Treatments 

3 

64.00  8. 

48** 

152 

.00  8.94** 

386.00  6.22* 

Error 

9 

7 .55 

17 

.00 

62 . 00 

*  Significant  at  5%  level. 

**  Significant  at  1%  level. 

t  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan’s  new  multiple  range 
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FIGURE  8 

The  effects  of  CCC  on  the  height  of  Cucumis  sativus  (Marketer) 
grown  under  glass  during  the  summer  of  1965. 


/,  -  Control  W//////A 

T2=  100 ppm.  CCC.  tMZM, 
T3=  250ppm.CCC.  wmm 

500 ppm. CCC.  k\\W\M 


1= 


I 

Number 


2  3  4 

of  weeks  after  second  CCC  application 
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Illustration  10„ 


Cucumber  plants  ten  days  after  the  second  CCC  application, 
control,  received  500  ppm  CCC  application.^ 

Illustration  11. 


Cucumber  plants  ten  days  after  the  second  CCC  application, 
received  250  ppm  CCC  application,  control. ^ 

^Note  the  reduction  of  plant  size  due  to  the  CCC  treatment. 

(Marketer) . 
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TABLE  XIV 

Average  heights  of  Cucumis  sativus  L.  (Hybrid  Burpee)  one>  three  and 

four  weeks  after  the  second  CCC  application . 
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TABLE  XV 

Effects  of  CCC  on  the  number  of  nodes  preceeding  the 
development  of  the  first  female  flower  of  Cucumis  sativus  L. 


(Hybrid  Burpee) 

Treatments 

Noo  of  nodes  to  first 

female  flower 

0 

ppm  CCC 

10.2  a 

100 

ppm  CCC 

9.55  a 

250 

ppm  CCC 

8.83  a 

500 

ppm  CCC 

9.30  a 

Ana  ly 

sis  of  variance  table 

Source 

d.  f.  MS  F 

Replications 

3  .  33 

Treatments 

3  1.33  1.00 

Error 

9  1.33 

The  differences  between  the  location  of  the  first  female 
flower  were  not  significantly  different. 


.  Jv:  -  I*  .1  no  "o 

■  f  X.  :  i  >  •  j  v: 


:  i>\  o:  .  ofc 


— ■* - 


11:1:  ti .  3  to  C3±  .>oX  »j  .  1190  -J9( f  I:  31I91#'!?  fct>  irfT 


.  ^ n s»  r  i  3t 3.  Jt fc>  rji»o  t  $  tup  I  e  ion  s*row  i9^oI} 


81 


TABLE  XVI 


Effects  of  CCC  on  the  number  of  nodes  preceeding  the 
development  of  the  first  female  flower  of  Cucumis  sativus  L. 

( Marke ter) 


Treatments 

No.  of  nodes  to  first 

female  flower 

i 

0 

ppm 

CCC 

9.47  a+ 

100 

ppm 

CCC 

7.85  b 

250 

ppm 

CCC 

8  o  6  2  a 

500 

ppm 

CCC 

8.57  a 

Analysis  of 

variance  table 

Source 

d.  f. 

MS  F 

Rep licat ions 

3 

.33 

Treatments 

3 

1.66  2.15 

Error 

9 

.77 

t  Numbers  in  each  colun  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan’s  new  multiple  range 
test  (  34)  . 
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Burpee,  the  decrease  was  statistically  significant  only  when 
500  ppm  CCC  was  applied.  The  other  CCC  treated  plants  had 
fewer  male  flowers  also,  but  these  differences  were  not  sig- 
nif icant . 

The  observations  pertaining  to  male  and  female  flowers 
are  presented  in  Table  XVII  for  Marketer,  and  in  Table  XVIII 
for  Hybrid  Burpee. 

iv .  Effects  of  CCC  on  the  total  yield  of  cucumber  plants: 
All  applications  of  CCC  reduced  the  total  yields  of  Marketer 
cucumbers.  However,  this  decrease  was  significant  only  in 
plants  which  received  the  500  ppm  CCC  application  and  they 
yielded  about  50%  less  than  the  control.  The  Hybrid  Burpee 
variety  responded  in  a  similar  manner.  The  plants  treated 
with  100  ppm  CCC  showed  a  slightly  increased  yield,  but  the 
difference  was  not  significant.  Yields  of  plants  which  received 
the  500  ppm  CCC  treatments  were  also  reduced  about  50%  compared 
to  control.  The  results  are  summarized  in  Table  XIX  for 


Marketer  and  Table  XX  for  Hybrid  Burpee. 
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TABLE  XVII 

Effects  of  CCC  on  the  sex  expression  of 
Cucumis  sativus  L.  (Marketer ) 


Treatments 

No.  of  female 
flowers 

June  8  to  July  2  7 

No.  of  male 
flowers 

June  8  to  July  27 

0  ppm 

CCC 

51 

a  + 

215 

a 

100  ppm 

CCC 

41 

b 

118 

b 

250  ppm 

CCC 

44 

ab 

112 

b 

500  ppm 

CCC 

40 

b 

107 

b 

Analysis  of  variance  table 

Fema le 

flowers 

Male 

flowers 

Source 

d.f. 

MS 

F 

MS 

F 

Rep licat ions 

3 

54.00 

1,057.00 

Treatments 

3 

96.00 

3.09 

10,659.00 

20.98** 

Error 

9 

31.00 

508.00 

**  Significant  at  1%  level. 

t  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan's  new  multiple  range 
test  ( 34 ) . 
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TABLE  XVIII 

Effects  of  CCC  on  the  sex  expression  of 
Cucumis  sativus  L.  (Hybrid  Burpee). 


No. 

of  female 

No.  of  male 

flowers 

flowers 

Treatments 

J  une 

8  to  July  2  7 

June  8  to  July  27 

0  ppm  CCC 

34.75  ab+ 

317.00  a 

100  ppm  CCC 

43.75  a 

287.00  ab 

250  ppm  CCC 

33.50  ab 

297.00  ab 

500  ppm  CCC 

23.75  b 

218.00  b 

Analysis  of  variance  table 


Source 

d.  f. 

Fema le 

MS 

flowers 

F 

Male 

MS 

flowers 

F 

Replications 

3 

33.33 

1,998.00 

Treatments 

3 

267 . 66 

5.50* 

7 ,080.00 

2.43 

Error 

9 

48.66 

2,909.00 

*  Significant  at  5%  level. 

•j*  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan’s  new  multiple  range 

test  (34). 
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TABLE  XIX 

Effects  of  CCC  on  the  yield  of  Cucumis  sativus  L.  (Marketer) . 


Treatments 

Av . 

yields  in 
kg- 

Av.  yields  in 

No. 

0  ppm  CCC 

4.87 

at 

20.50 

a 

100  ppm  CCC 

3.40 

ab 

18.75 

ab 

250  ppm  CCC 

4.13 

a 

19.50 

ab 

500  ppm  CCC 

2.46 

b 

13.75 

b 

Ana  ly sis 

of  variance  table 

Av. 

yields  in 

Av.  yields  in 

kg. 

No. 

Source 

d.f. 

MS 

F 

MS 

F 

Replications 

3 

1.00 

10. 70 

Treatments 

3 

4.00 

4.54* 

36.00 

2-22 

Error 

9 

.88 

15.50 

*  Significant  at  5%  level. 

f  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan's  new  multiple  range 
test  (34) . 
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TABLE  XX 

Effects  of  CCC  on  the  yield  of  Cucumis  sativus  L. 

(Hybrid  Burpee) 


Treatments 

Av .  yields  in 
kg. 

Av.  yields  in 

Ho. 

0 

ppm 

CCC 

5.27 

at 

17.00 

a 

100 

ppm 

CCC 

6.16 

ab 

20.25 

a 

250 

ppm 

CCC 

4.91 

ab 

18.25 

a 

500 

ppm 

CCC 

2 . 85 

c 

13.20 

b 

Analysis 

of  variance 

tab  le 

Av . 

yie Ids 

in 

Av . 

yields  in 

kg. 

Ho. 

Source 

d.  f. 

MS 

F 

MS 

F 

Rep licat ions 

3 

1.66 

3.66 

Treatments 

3 

8.00 

8. 

00** 

34.66 

2  .  73 

Error 

9 

1.00 

12 .66 

**  Significant  at  1%  level. 

+  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan’s  new  multiple  range 
test  ( 34) . 
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2.  Experiment  No.  2. 

a)  Materials  and  Methods:  The  experiment  was  repeated  with 
the  same  varieties  (Marketer  and  Hybrid  Burpee)  and  the  same 


methods  as  described  in  Experiment  No.  1 
sterilized  before  the  second  experiment. 


The  bench  was  steam 


The  concentrations 


of  CCC  used  in  the  second  experiment  were  lower  than  in  the 
first,  because  CCC  in  the  500  ppm  in  the  first  experiment  re¬ 
tarded  the  plants  excessively. 


Treatment 


Concentrations 


1 

2 

3 

4 


0  ppm  CCC 
100  ppm  CCC 
200  ppm  CCC 
300  ppm  CCC 


The  following  observations  were  made: 

a)  The  heights  of  the  plants  were  measured  at  weekly 
intervals  for  four  weeks. 

b)  Male  and  female  flowers  were  counted  twice  per  week. 


b)  Results :  In  this  experiment  the  plants  did  not  show  the 

same  responses  to  CCC  treatments  as  described  in  the  first  green¬ 
house  experiments. 

The  height  measurements  were  rather  inconsistent,  especially 
plants  from  the  Hybrid  Burpee  variety.  The  flower  counts  also 

failed  to  indicate  any  effect  due  to  CCC  treatments. 

For  these  reasons,  the  experiment  was  abandoned  and  a  new 
experiment  was  started. 
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3.  Experiment  No.  3. 

a)  Materials  and  Methods:  This  experiment  was  repeated  in 
the  same  manner  as  described  in  experiment  No.  1.,  with  the 
following  exceptions.  Only  the  Marketer  variety  was  used;  the 
Hybrid  Burpee  was  dropped  because  the  seedlings  did  not  show 
a  uniform  response  to  CCC  treatments. 


The  CCC  concentrations  were  as 

follows : 

Treatment 

Concentrations. 

1 

0  ppm  CCC 

2 

100  ppm  CCC 

3 

200  ppm  CCC 

4 

300  ppm  CCC 

Each  treatment  was  replicated  eight  times  to  increase  the 
plant  population  in  the  experiment. 

This  experiment  was  conducted  under  short  day  conditions. 
Plants  received  supplementary  light  for  9  hours  per  day  (8:00  a.m 
to  5:00  p.m.).  From  5:00  p.m.  to  8:00  a.m.  the  plants  were 
covered  with  balck  cloth  because  the  neon  lights  outside  the 
greenhouse  illuminated  the  greenhouse  during  the  night.  The 
day  temperature  in  the  greenhouse  was  85°F  and  the  night  tempera¬ 
ture  was  70-75°F. 

The  following  observations  were  made: 

a)  The  heights  of  the  plants  were  measured  four  times  at 
weekly  intervals,  starting  one  week  after  the  second  CCC  appli¬ 


cation  . 

b)  The  node  number  preceeding  the  development  of  the  first 
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female  flower  was  noted. 

c)  Male  and  female  flowers  were  counted  twice  a  week  from 
December  28/65  to  January  17/66. 

b )  Results : 

i .  Effects  of  CCC  on  the  heights  of  cucumber  plants: 

The  heights  of  the  plants  in  each  treatment  were  quite  uniform. 
Treated  plants  were  reduced  in  height  significantly  in  all 
cases  compared  to  control.  These  differences  were  evident 
throughout  the  growing  season.  The  results  are  presented  in 
Table  XXI  and  Figure  9. 

ii .  Effects  of  CCC  on  the  number  of  nodes  preceeding  the 
development  of  the  first  female  flower:  CCC  treatments  at  200 
ppm  concentration  significantly  reduced  the  node  number  to  the 
first  female  flower,  compared  to  control.  The  control  produced 
the  first  female  flower  at  10.96  node  number,  while  plants  re¬ 
ceiving  the  200  ppm  CCC  treatments  reduced  the  node  number  to 
9.55.  The  other  two  treatments  failed  to  flower  at  a  lower 
internode  number  compared  to  control.  The  results  are  presented 
in  Table  XXII. 

iii.  Effects  of  CCC  on  the  sex  expression  of  cucumbers:  CCC 

treatments  failed  to  significantly  increase  the  formation  of  fe¬ 
male  flowers  in  these  experiments.  The  male  flowers,  however,  were 
decreased  due  to  CCC  treatments.  The  results  are  very  similar  to 
those  obtained  during  the  .summer  from  the  first  greenhouse  ex¬ 
periments,  and  are  summarized  in  Table  XXIII. 
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FIGURE  9. 

The  effects  of  CCC  on  the  height  of  Cucumis  sativus  (Mar 
grown’  under  glass  during  the  winter  of  1965/66. 
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TABLE  XXII 

Effects  of  CCC  on  the  number  of  nodes  preceeding  the 
development  of  the  first  female  flower  of  Cucumis  sativus  L. 

(Marketer) 


Treatments 

No.  of  nodes  to  first 
female  flower 

0 

ppm 

CCC 

10.96 

a  + 

100 

ppm 

CCC 

10.62 

a 

200 

ppm 

CCC 

9.55 

b 

300 

ppm 

CCC 

10.25 

ab 

Analysis  of 

variance  table 

Source 

do  f. 

MS 

F 

Replications 

7 

1.00 

Treatments 

3 

3.00 

3.33 

Error 

21 

.  90 

t  Numbers  in  each  column  which  are  not  followed  by  the  same 
letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan's  new  multiple  range 
test  (34). 
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TABLE  XXIII 

Effects  of  CCC  on  the  sex  expression  of 
Cucumis  sativus  L.  (Marketer) 


Treatments 

No.  of  female 
flowers 

Jan  3  -  17 

No.  of  male 

flowers 

Jan  3-17 

0  ppm  CCC 

4.1  at 

46.00  a 

100  ppm  CCC 

5.1a 

37.00  b 

200  ppm  CCC 

5.3  a 

35.00  b 

300  ppm  CCC 

4.5  a 

29.00  c 

Analysis  of  variance  table 

Female  flowers 

Male 

flowers 

Source 

cL.  f.  MS  F 

MS 

F 

Rep lications 

7  3.00 

34 . 14 

Treatments 

3  1.00 

406.66 

35.30** 

Error 

21  1.14 

11.52 

**  Significant  at  1%  level. 

t  Numbers  in  each  column  which  are  not  followed  by  the  same 

letter  are  significantly  different  from  each  other  at  the  5% 
level  of  significance  as  judged  by  Duncan's  new  multiple  range 
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C.  DISCUSSION  AND  CONCLUSIONS, 

The  purpose  of  this  experiment  was  to  study  the  effects 
of  CCC  on  the  sex  expression  of  cucumber  plants. 

Flower  sex  expression  in  cucumbers  is  subject  to  genetic 
and  non-genetic  (environmental  and  chemical)  control.  Altera¬ 
tion  of  the  length  or  duration  of  any  of  the  flower  sex  stages, 
but  not  necessarily  the  order  of  appearance,  has  been  modified 
by  environment.  The  staminate  stage  has  been  extended  by  long 
photoperiods.  The  appearance  of  the  pistillate  stage  has  been 
accelerated  by  low  temperatures,  short  days  and  low  light 
intensities.  Several  chemicals,  when  applied  to  the  young 
cucumber  seedlings  also  modify  sex  expression. 

Wittwer  (37)  reported  an  increase  in  the  formation  of 
female  flowers  of  Marketer  cucumbers  treated  with  a  soil  drench 
of  10  M  CCC  solution.  Work  done  by  Cathey  and  Stuart  (5,37) 
with  cucumbers  does  not  support  the  results  presented  by 
Wittwer.  They  reported  a  reduction  in  plant  size  with  no 
increase  in  the  number  of  female  flowers.  In  the  present 
experiment  CCC  failed  to  induce  the  formation  of  more  female 
flowers.  The  results  were  similar  with  both  field  and  greenhouse 
grown  plants.  On  the  other  hand,  CCC  treatments  in  the  present 
study  inhibited  male  flower  formation,  which  is  in  agreement 
with  results  reported  by  Wittwer  (37). 

As  the  monoecious  cucumber  plant  develops,  the  flower  sex 
gradually  changes  from  staminate  to  pistillate.  The  first  nodes 
formed  are  staminate  (staminate  stage).  The  first  nodes  are 
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followed  by  a  series  of  nodes  which  are  truly  monoecious  (a  mixed 
stage,  bearing  both  staminate  and  pistillate  flowers),  and  finally 
successive  nodes  appear  which  produce  exclusively  pistillate 
flowers  (pistillate  stage).  The  number  of  nodes  preceeding 
the  appearance  of  the  first  pistillate  flower  has  been  used 
as  a  criterion  of  flower  sex  expression.  The  fewer  the  nodes 
preceeding  the  first  pistillate  flower,  the  shorter  the  stami¬ 
nate  stage  and  the  earlier  the  mixed  stage. 

It  has  also  been  reported  that  CCC  and  related  compounds 
(5,26)  reduced  the  number  of  nodes  preceeding  the  development 
of  the  first  pistillate  flowers.  In  these  investigations  it 
was  found  that  100  ppm  CCC  in  the  first,  and  200  ppm  in  the 
third  experiment  reduced  the  node  number  to  the  first  pistillate 
flower  significantly  in  the  Marketer  variety,  while  the  remain¬ 
der  of  the  treatments  on  Marketer  and  all  treatments  applied  to 
Hybrid  Burpee  failed  to  decrease  the  node  number  to  the  first 
pistillate  flower. 

CCC  reduced  the  yields  of  fruit  when  applied  at  the  500 
ppm  concentration.  The  yield  reduction  in  both  varieties  was 
about  50%  compared  to  the  control.  It  is  suggested  that  this 
reduction  in  yield  was  mainly  due  to  the  severe  retardation  in 
the  growth  of  the  vines.  The  100  and  250  ppm  CCC  concentrations 
did  not  affect  the  yield  significantly  and  the  growth  of  the 
vines  was  reduced  20-40%. 

In  the  second  and  third  greenhouse  experiments  the  CCC 
concentrations  were  reduced  to  100,  200  and  300  ppm  because 
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the  500  ppm  concentration  proved  to  be  too  strong  and  caused 
only  severe  retardation. 

CCC  treatments  significantly  reduced  the  plant  size  in  all 
cases  compared  to  the  control.  The  reduction  in  height  varied 
from  20-50%.  The  retarding  effect  of  CCC  on  the  height  of 
cucumber  plants  appeared  to  be  greater  in  the  winter  than  in 
the  summer. 

Reduction  in  height  of  the  plants  has  been  reported  by 
other  authors  working  with  CCC  on  a  number  of  species  of  plants. 
They  also  noted  that  the  effectiveness  of  the  chemical  was 
greater  in  the  winter  than  in  the  summer  (4,5,28,50). 

Wittwer  (49)  suggested  that  chemicals  are  most  effective 
on  the  sex  expression  of  the  cucumber  plant  when  the  chemical 
stimuli  were  continuously  available  to  the  roots,  through  a 
solution  culture  technique.  It  is  possible  that  Wittwer 
supplied  the  soil  medium  of  the  cucumber  plants  with  a  con¬ 
tinuous  supply  of  CCC,  and  this  might  explain  his  results 
regarding  the  increase  of  pistillate  flowers. 

To  apply  CCC  to  the  soil  medium  continuously  in  the  same 
concentration  is  extremely  difficult  from  a  practical  point  of 
view.  This  might  be  the  reason  why  the  results  of  this  ex¬ 
periment  were  not  the  same  as  anticipated. 

From  the  practical  point  of  view,  it  would  appear  that  CCC 
does  not  have  any  beneficial  effect  on  the  sex  expression  of 
cucumbers.  However,  there  may  still  be  an  advantage  in  using 
CCC  treatments  commercially  at  lower  concentrations.  The  100 
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ppm  and  200  ppm  CCC  applications  reduced  the  plant  size  by 
20-40%  while  yields  were  not  significantly  affected. 

Provided  that  the  yield  of  treated  plants  could  be  main¬ 
tained  at  the  control  level,  smaller  plants  could  be  field  set 
at  a  closer  spacing.  The  increase  in  the  number  of  plants 
per  acre  should  result  in  an  increase  in  yields  per  acre. 


.iij.Iq  s  '3  b  .1  8*'  is  >11  Hc  :)  me  \  M  ;is  raqq 


. 

.  ils  y  i  3  r  j!  Jen  •->  •  ti  ^  *  Xlrfw  ?  C  A  -  (  S. 


i  uc  1r  r  r  i  i  ‘  0  slv  s  \  bsb  '  voi1-' 

J  --fe  «  ;  »  . 

«J  t-  i  f  o  r :  4av  **/«:  j  c  .  ;•  ?  •*  <:  .  <  /T 

.  .  3  i  tsq  bialT  »j1  .  -  i  i  t»&  r<t  3  i  u  ■■-  M  o  ia  roe  jnq 


■ 


98 


V.  LITERATURE  CITED 


1.  Andrew,  Wm .  T.  and  R.H.  Knowles.  1962  .  The  influence  of 

CCC  on  field  grown  tomatoes.  Canadian  Horticultural 
Council,  Res.  Comm.  Rept.  163-164. 

2.  Audus ,  L.J.  1959.  Plant  growth  substances.  Leonard  Hill 

(Books)  Limited,  London. 

3.  Baldev,  B.  and  A.  Lang.  1965.  Control  of  flower  formation 

by  growth  retardants  and  gibberellin  in  Salmolus 
parvif lorus ,  a  long  day  plant.  Am.  J.  Bot.  52  (4)  :  408- 
417. 

4.  Cathey,  H.M.  1964.  Physiology  of  growth  retarding  chemicals. 

Ann.  Rev.  Plant  Physiol.,  15:  271-302. 

5.  Cathey,  H.M.  and  N.W.  Stuart.  1961.  Comparisons  of  plant 

growth  retarding  activity  of  Amo  1618,  Phosfon  and  CCC. 

Bot .  Gaz . ,  123 :  51-57 . 

6.  Cathey,  H.M.  and  R.L.  Taylor.  1963.  Growth  and  control  of 

poinsettias  by  use  of  cyclic  lighting  and  ( 2-chlor oe thy 1) 
t r imethy lammonium  chloride.  Proc.  Am.  Soc.  Hort.  Sci., 

82:  532-540. 

7.  Cathey,  H.M.  and  R.L.  Taylor.  1965.  Regulated  flowering  of 

Rhododendrons.  Light  and  growth  retardants.  Am.  Nurs. 

Man,  January  1st. 

8.  Chapman,  H.D.  and  P.F.  Pratt.  1961.  Methods  of  analysis  for 

soils,  plants  and  waters.  University  of  California, 

Division  of  Agricultural  Sciences. 

9.  Das,  R.C.  1964.  Growth  regulator  effects  on  root  growth 

and  cation  exchange  properties.  Diss.  Abstr.  25:  736. 

10.  Fletcher,  R.A.  and  A.J.  Renney.  I960.  Effects  of  CCC  and 

AMAB  on  bent  grass,  bean  and  tomatoes.  Proc.  Nat.  Weed 
Comm.,  Western  Section,  p.  120. 

11.  Gohlke ,  A . F .  and  N.E.  Tolbert.  1962.  Effect  of  (2-chloro- 
ethyl)  tr ime thylammonium  chloride  on  phosphate  absorption 
and  translocation.  Plant  Phys .  Suppl.  p.  12. 

Greenhouse  Vegetable  Production  in  Ontario.  1964.  Ontario 
Dept.  Agr.  Pub.  526. 


12. 


O  9DU9JJ  I 

Ibid  'ui'r-  roH  r)  *  >o3*Siiro3  inrbsg  b  ‘  sil  xjo  ')00 

.  Adt-£di  ,3a  .  oiipoO  «  .tlonuoD 

.  -  "O  ‘i  a  ted  r«;  r'two?  }  3  0fc  t? 

.  rrobnoJ  .  'el  ;nlJ.  (a.i<  ft) 

iit.  :•  3  -»t  o  .073  v  o  I  *.,?..>*>!  u  •  .  s  bn,  .  .  >•:  79bJT:s  £  ,  X 

J  n  I  r  X  .1 9  f  <f  *:  b  &  i  >  n  r  o  7  s  X ;  '•  *  ^1%  y  c 

: 

also  n3,  a  gj..  t[>:  s  .  3wt.  *a  lo  §0 

. <:  ( ■  -J  \  £  :  1  ’  ,  ,rc  &  rf^  [fell  .vsS  .on  A 

■  t:  .flioD  • /  a r  i  .  ,ui2  .  W , K  ba«  M .  K  '  %  ydri  tis'  .2 

>C)D  r,  3  .  s  '  S''  :  I  d  omf  5  o  >  ivrJ  y n  :  f  •  r 3  i  d;J  cvig 

Cot  !.  v>  1  .  ..  .  J  .  il  bat.  .  tf .  H  t  y  •:  /?  t £  J  .  d 

I  •' .i  •  J  —  is  fi  ‘  J  r  ■  3v  f"-»  y  X  3  3  c 

)X  ,  J  oil  .  )Ot;  .  <nA  .30i4  ,  »bX7oi.ri.o  i  r/iflorfraJ  y.ibiHur  73 

,QAe-££c  :J8 

a  £  .«•  L  X  ♦:  ••  .  <!  .  •■:oIy  .f  .  i.  br  v-  H  ,  y  3  sD  . 

,  •  3  a  v  ,  r.r  7  .  c  .,.y 

io!  aXeyiaas  3c  aboribsM  Hi  . tbBia  .ax^f  Lns  «0.H  ,  nBiuqsrfD  *8 

•  e  ■  *  •  -r  '  ■-.  ■  -  '  io  c 

«»t0?  '  ,  vcu  r  /  I  :  1  v  O' 

•i:  w  7  ?  !  •*.*  '  •:  7  o  !  iu,:  tS’^oiVj  ,  •  •>  i  3„H  t  esG  . r 

>8lQ  u^Xb7dqa7q  j  nsrloxs  cotJfiO  bna 

ba*  .  d  v  ,  ?yoJe ,,ol  t  »  xib  safeiy  lead-  no  A‘rA 

“Oioi  j~S)  3o  3  0‘3jja  , 3iX>dIoT  «y.Vf  bfrs  .H.A  ,9^IrioO  .II 

nolbi  boaidR  i  jBdcaodq  9bi7olrfo  «uxnora«B  ydbuorlib  (Xyri39 

.nolb630l8X3R7  3  b/Iii 


99 


13.  Halevy,  A.H.  1963.  Interaction  of  growth  retarding  compounds 

and  gibberellin  on  indoleacetic  acid  oxidase  and  peroxidase 
of  cucumber  seedlings.  Plant  Physiol.  38:  731-737. 

14.  Halevy,  A.H.  and  B.  Kessler.  1963.  Increased  tolerance  of 

bean  plants  to  soil  drought  by  means  of  growth  retarding 
substances.  Nature.  197:  310-311. 

15.  Halevy,  A.H.  and  S.P.  Monselise.  1963.  Interaction  of  gib¬ 

berellin  and  ( 2-chlor oe thy 1)  t rime  thy lammonium  chloride 
on  changes  in  dry  weight  in  bean  leaves  during  the  night. 
Phyton.  20:  79-81. 

16.  Halevy,  A.H.  and  S.H.  Wittwer.  1965.  CCC,  B-Nine  overnight 

treatment  prolongs  life  of  cut  flowers.  Florist  and 
Nursery  Exchange.  April  24. 

17.  Harada,  H.  and  A.  Lang.  1965.  Effects  of  some  (2-chloro- 

ethyl)  trime thy lammonium  chloride  analogs  and  other 
growth  retardants  on  gibberellin  biosynthesis  in  Fus ar ium 
monilif orme .  Plant  Physiol.  40  :  176-183  . 

18.  Heeney,  H.B.  1963.  Effects  of  CCC  on  tomatoes.  Canad.  Hort. 

Council.  Res.  Rept.  p.46. 

19.  Humphries,  E.C.  1963.  Effects  of  ( 2-chloroethy 1)  trimethyl- 

ammonium  chloride  on  plant  growth,  leaf  area  and  net 
assimilation  rate.  Ann.  Bot.  27:  517-532. 

20.  Kuraishi,  S.  and  R.  Muir.  1963.  Mode  of  action  of  growth 

retarding  chemicals.  Plant  Physiol.  38:  19-24. 

21.  Leopold,  A.C.  1964.  Plant  growth  and  development.  McGraw- 

Hill  Book  Company  Inc. 

22.  Lindstrom,  R.S.  and  N.E.  Tolbert.  1960  .  ( 2-chloroethy 1) 

trimethy lammonium  chloride  and  related  compounds  as 
growth  substances.  IV.  Effect  on  chrysanthemums  and 
poinsettias.  Quart.  Bull.  Michigan  Agr.  Exp.  St.  42: 
917-928. 

23.  Link,  A.J.  and  T.W.  Audia.  1960.  The  effects  of  gibberellic 

acid  on  the  absorption  and  translocation  of  P-^2  by  bean 
plants.  Am.  J.  Bot.  47(2):  101-105. 

24.  Maclachlan,  S.M.  and  S.  Zalik.  1963.  Plastid  structure, 

chlorophyll  concentration  and  free  amino  acid  composition 
of  a  chlorophyll  mutant  of  barley.  Can.  J.  Bot.  41:  1053- 
1062  . 


$  il: £>•*&;!  >2  tfjwcag  lo  no< 3  iLiajnl  ,H,A  «yv9ti:X!  .Cl 

9aa  blxoisq 

,  C  d  (■:  l  .  T  .  1  9  h  .  V  t  n .  h  .  A  t  yv  '  J  3  ‘  .  £ 

.'.’i  ;is  *91  n)w  oij:  •:■  '  t-nsaw  y.i  rtj.  <•  i  F*  Xxc  .  ol  S'lfciq  n  jc 

,  1  ■• f‘  *  h51  .■■!■■■  .  ■  •  ■  j ; 


■>!  3  /  .t  •  •  ■  j  -  “A  -  ’?q  '('  .  ■’ :  •  • )  n  ■-  n±  1  •  <2 

t  0£  noX  y  3 


£  -  M  •  *  .  •,  jx  t  y  • 


Z  o  09:  .  3  <H  '  .  .  - 

29rf30  i>  fTb  .JO  £116  tbllOidO  l  '  ft  O  HI  Jfi  6  L  7  ff.  .  .  .1  (:  {>.tS 

8  -  ,  I  >X  s  r  .  .J 

.(.'.j  .  tf&jl  .fa  ;  .  'JtanwoJ 

»r  J  (  \  c  o  lo~S>  •  o  ®  >13  c  i  t  aaiidq  ■  ;K  .  H 

'  1 1  c  ■  A  c  *  V  c 

•  M  v’l  .8  .Jo  fa  .  -fA  '  .-d  v  g,l3  ;>T£3  ::t 

'•  P  X  <f  )T  ,3  "  ,  Jab  it.' 

•  n  fcbu  jjoq/f  ’  •>  ’  »:>  s  J  a  T  9  -•  is-  oi  io-  i*  <  •xer-’rji.c.X  5  >»X  t  j 
!'•  s  8£D».  <  idri  -J r  ;r  i.  £»t  :j  >:  i  '.  *'"'i 

ox3  t#A  Jxa^Xji&XM  .Iltifi  ,3^s.p  .  esi  3 X sa/iJtoq 


aXII a  i  vdcO  3  o  sdos  H#  adX 

,a  Jiislq 


y 


100 


25.  Miller,  R.A.  1965.  Physiological  and  biochemical  studies 

of  a  mutant  from  Gateway  barley.  Ph.D.  thesis,  University 
of  Alberta. 

26.  Mitchell,  Wm.D.  and  S.H.  Wittwer.  1962.  Chemical  regulation 

of  flower  sex  expression  and  negative  growth  in  Cucumis 
s a t ivus  L.  Science.  136:  880-881. 

27.  Miyamoto,  T.  1962.  Effects  of  seed  treatment  with  (2-chloro- 

ethyl)  t rime thy lammonium  chloride  on  the  resistance  to 
high  and  low  pH  values  of  soils  in  wheat  seedlings. 

Die  Naturwis sens chaf ten .  49:  377. 

28.  Norris,  R.F.  1964.  Some  morphological  and  physiological 

effects  of  ( 2 - chlor oe thy 1 )  t r imethy lammonium  chloride 
(CCC)  on  certain  species  of  gramineae.  Ph.D.  thesis. 
University  of  Alberta. 

29.  Paleg,  L.,  H.  Kende,  H.  Ninnemann  and  A.  Lang.  1965. 

Physiological  effects  of  gibberellic  acid.  VIII.  Growth 
retardants  on  barley  endosperm.  Plant  Physiol.  40:  165-169. 

30.  Sachs,  R.M.  and  M.A.  Wohlers.  1964.  Inhibition  of  cell 

proliferation  and  expansion  in  vitro  by  three  stem  growth 
retardants.  Am.  J.  Bot.  51:  44-48. 

31.  Schreiner,  0.  and  H.S.  Reed.  1908.  The  toxic  action  of 

certain  organic  plant  constituents.  Bot.  Gaz.  45:  73-102. 

32.  Sinha,  A.K.  and  R.K.S.  Wood.  1964.  Control  of  Verticillium 

wilt  of  tomato  plants  with  ' Cycocel ' ,  (2-chloroe thyl)  tri- 
me thy lammonium  chloride).  Nature.  202:  824. 

33.  Soil  Survey  of  the  Edmonton  Sheet.  University  of  Alberta 

Bulletin  No.  SS-4. 

34.  Steel,  R.G.D.  and  J.H.  Torrie.  1960.  Principles  and  Pro¬ 

cedures  of  Statistics.  McGraw-Hill  Book  Co.  Inc. 

35.  Stuart,  N.W.  1961.  Initiation  of  flower  buds  in  Rhododendron 

after  application  of  growth  retardants.  Science,  134: 

50-52. 

36.  Stuart,  N.W.  and  H.M.  Cathey.  1961.  Applied  aspects  of  the 

gibberellins .  Ann.  Rev.  Plant  Physiol.  12:  369-394. 

37.  Technical  Manual,  A.  1961.  Experimental  plant  growth  regu- 

lant  CCC,  ( 2-chloroethyl)  tr imethy lammonium  chloride.  Am. 
Cyanamid  Co.  ,  Stamford  Conn.  ,  U.S.A.  February. 


,  ) m  O  d  3  O  :  C  B  £  I  £  l  -  l\  O  1 0  J  8  V  A  ? 

vQ  . .  ‘  1  .v  >i  i  a  d  v  r.  o  •  i  J  m  *  5  o 

to.  9*  ‘f  *  S  £  X  .  .  J  .1*2  ;J1  a  .  ,  :  «  ‘  s/ioi.tM  .  c  S 

8j  EJ  '  XT  Jt  li.MviS  t  /  •>  3  1  a*  :i  0  *  3  3  * 1  M  x  ?  *  •  **  3WC  1  lo 

>7  0  Jr.  —i)  ri  7  rfc  ?.«•:  5  '  '  >**  •  .  J  ©  Y-  ^  •  * 

-)1  -  Ml  »j  39  art  j  >t<5  :-i  •  '  ■'  >  iiu<  f  ot  ;»> ,  •,'  ri t  >7  < .  f "  (  > 

!  ;  '  i  <S l  ;»  l<  ,  n  U  E  V  !J  q  1  ,  i;  :  :  •  ' 

i\  Z  :  H  ►■D.^larfnii9  3»  i.W“i  ifl**’  9  ^ 't 

lao  igoloj  ayiiq  bn*  J  &d1$oLqAc  [©$;;  ®o2  .  idPI 

■ib  loiifD  mi/ i  ao  .rr.Bi  rr  J9  rJ  s.  (i  .liioielria-S  i  lo  »3o  l*& 

i  ladlA  io 

,  sbiisX  .‘5  ,  .J  .  p 

t'dl  c'di  :  (  I  *a\:.  in.3.1  a.-aobn*  acf  n  ?j  '.*b',sjs  r 

*  8  *>  -  *  A  :  I  fi,  .  3  g  3  .  t  .  mA  .  a  :i  nr  b? a  3  ai 

.  i.0  :;  T:-  ,  S ft  .  it  .!JD3  n .,]  ti:  ;B§70  nii  .11193 

;  h  -  J  I  J:  •?  .  >  /  i  .  :•••  7  l  fioD  .  i  p  J.  *  ‘  -  .  c ' 

-  •  1'I.A  »0  Y  ;r  7  9  71  1  .3  990-2  OtJ  ;  TO  ,'T  »rf3  {^VT  n  ,  L  .  0  2  .  t 

.  oM  nt3£>IIna 

' 

-oi'i  !„•  ft  a  a  •-’  i  <j.'  p  fii  3  \i  .0  if;  X  »9.it  .ol  *  ii'  t  bcra  3  Q.»  •'■'  «  -7932  .A- 

.  »l  i  .<  .  l  i~i  -wst^X  .;  ji  3  i.i:  Jr.  3  r'  3  9 

noibnd  oboii  H  n i  <  b u d  i  w  ©  i  •  \  *  •  • 

£  :  t  >  9i  3  .  «.  t  !.  71&  ?  xiJMo:  :  to  '..t:  >0 j  •  q©  s3:'  s 

r.t  £  -ede  :  .  l‘.)l  k ••■ t  t.  Hi  q  -  V  >;-»  n crA  .  an.t  f.'  X  f>  t  •  cf  d  >  >; 

i  i' jvoig  3/iaIq  I  ~  n 9 !?. i  ?  r  q  < 

lol  ri  0  W  1. 1  :  '  fii  J  I  3  -  yjrf  3  iOTO  i  1  3-S)  .  .  3/:&i 

•  qfauTds-  .  A  #  2  J  ,  .nn->:>  bro  «•  -.32  t.oO  blmB./pyO 


101 


38.  Tiessen,  H.  1961.  Muskmelon  yields  as  influenced  by  gibberellic 

acid  and  (2-chloroethyl)  t r imethylammonium  chloride.  Canad. 
Hort.  Council  Res.  Comm.  Rept.  p.158. 

39.  Tiessen,  H.  1962.  Influence  of  CCC  on  yields  of  Fireball 

tomatoes.  Canad.  Hort.  Council  Res.  Comm.  Rept.  p.148. 

40.  Tiessen,  H.  1962.  The  influence  of  various  temperatures 

and  (2-chloroethyl)  t rime  thy lammonium  chloride  and  (allyl) 
tr imethylammonium  bromide  on  peppers  and  tomatoes.  Canad. 

J.  Plant  Sci.  42:  142-149. 

41.  Tiessen,  H.  and  B.A.  Rieger.  1964.  Influence  of  growth 

regulators  on  vegetable  crops.  Canad.  Hort.  Council 
Res.  Comm.  Rept.  pp .  122-123. 

42.  Thomas,  R.O.  1964.  Effects  of  application  timing  and 

concentration  of  CCC  and  plant  size  and  fruiting  responses 
of  cotton.  Crop  Sci.  4:  403-406. 

43.  Tolbert,  N.E.  1960.  (2-chloroethyl)  tr imethylammonium 

chloride  and  related  compounds  as  plant  growth  substances. 

I.  Chemical  structure  and  bioassay.  J.  Biol.  Chem.  235: 
475-479. 

44.  Tolbert,  N.E.  1960.  (2-chloroethyl)  tr  imethylammonium 

chloride  and  related  compounds  as  plant  growth  substances. 

II.  Effect  on  the  growth  of  wheat.  Plant  Physiol.  35: 

380-385 . 

45.  Tolbert,  N.E.  1960.  Structural  relationships  among  the 

chemicals  which  act  like  ant igibberellins .  Advances 
in  Chemistry  Series.  No.  28.  Gibberellins .  pp, 145-151. 

46.  Van  Emden,  H.F.  1964.  Effect  of  (2-chloroethyl)  trimethyl- 

ammonium  chloride  on  the  rate  of  increase  of  the  cabbage 
aphid  (Brevicoryne  brassicae  L.).  Nature.  201:  946-948. 

47.  Ward,  G.M.  1965.  Fertilizer  schedule  for  greenhouse  tomatoes 

in  Southwestern  Ontario.  Canad.  Dept.  Agr .  Pub.  1237. 

48.  Widmer,  R.E.  1963.  Poinsettia  height  control  with  chemicals. 

Minnesota  State  Florist  Bull.  June  1. 

49.  Wittwer,  S.H.  and  M.J.  Bukovac.  1962.  Exogenous  growth 

substances  affecting  floral  initiation  and  fruit  set. 

Proc.  Plant  Sci.  Symposium,  Campbell  Soup  Co. ,  Camden,  N. J. 
pp .  6  5-67  . 


;JI  , ••  j*a  \d  ‘  t)  : '  ooi  oJ  ,  .  j  C  .  .  ,«5t  •  8C 

»  1  •  t  .  j  -  J  .  >  .  i  3  :> 

I.f  "U,  ;  -  1  3'iO  ‘I  I  ••  r>  .  i  I  i'  .  M  ,  j  .g»;u-9  '•?  .  S 

.  >'  u  '■  ’I  .  :I(  .es  •  J  I  .3  >i  ■  .  ■  .  . 

9  71/  -  £  J  -j  ••  I/O.  Ifc*  ‘  O  /r».  US  t  £>/ 

I  ;  1 1  b  )  n  »  a  J  f:  avJtiiQ*  ■  i  y  •  “it  :b 

.  bnf.aO  ♦  aBOlB.r  •  w4£  3*iS-/s  *'-i  no  '  ..;n  o  tfwi  L  •  Son  : 

tii\  oi g  t o  tondollsl 

,  :  o'  .  O  ■;:T«  I  .  ’J 1  1  "J  »U  t  »  £!  7 

•  »s  d  C  1  57  *  &l  "!  '  ■  * 

8  3yj IO  Jp  I  .[ilillu  i  baB  ^sia  3c-fci/j  •>  7B  DOD  O  ,70 J  igl  Jl.9DiO? 

nuiffou.m  lv  3 9 nil  3  (lyffdaoioil  -  )  .  OdPI  t.  «  3 1 9  cr  o  .£ 

•  eaoixf  3sdus  f  fo*.i  :<u alq  ae  ebaue  30  :f  ot  baa  jItoIi  j 
:  sifrrit-  .  .  y/  aetol  :  i:  -r  rf1  •’ 

.;!«:•  .  y  :  jp  !  q  a  I  n  ‘  o  I  n  : 

*  XoJt  y  ."Si?  >3b&{!  »  to  JJvovji  'O  o»  3  8  .II 

i  .!.  £  v  •  '  i  *3 

.8©  rt«  yij  tta±di)  nl 

j  ‘  '.  ■  t  ■  ■  .  'i  . 

9;ijf  r  cf  i  0;y3  IO  .1  .  rj  57  C5»  9 ‘> "  lUt/lttOr 

.o  *  a  >  «  sli  9  irfjjof  ni 

.  also  inns  do  dal.r  Ioi3not>  slrraBenlo*! 

,1  9/i u L  ,XIuf  leixor?  sJ«)2  B3oe9n/iIM 


102 


50.  Wittwer,  S ,H.  and  N.E.  Tolbert.  1960.  ( 2-chloroe thy 1)  tri- 

me thy lammonium  chloride  and  related  compounds  as  growth 
substances.  III.  Effects  on  growth  and  flowering  of 
tomatoes.  Am.  J.  Bot.  47:  560-565. 

51.  Wittwer,  S.H.  and  N.E.  Tolbert.  I960.  ( 2-chlor oethy 1)  tri- 

me thy lammonium  chloride  and  related  compounds  as  growth 
substances.  V.  Growth,  flowering  and  fruiting  responses 
as  related  to  those  induced  by  auxin  and  gibberellin. 

Plant  Physiol.  35:  871-877. 

52.  Wunsche,  U.  and  S.H.  Wittwer.  1964.  CCC  and  water  uptake 

by  plants.  Hort.  Report.  Michigan  State  University.  Rept. 
No.  28. 

53.  Zeevaart,  J.A.D.  1964.  Effects  of  the  growth  retardant  CCC 

on  floral  initiation  and  growth  of  Pharbitis  nil .  Plant 
Physiol.  39:  402-408. 

54.  Zeevaart,  J.A.D.  and  A.  Lang.  1963.  Suppression  of  floral 

initiation  in  Bry ophy Hum  daigr emont ianum  by  a  growth 
retardant.  Planta  59:  509-517. 

55.  Zeevaart,  J.A.D.  1965.  The  growth  retardant  CCC  as  an  inhi¬ 

bitor  of  gibberellin  in  immature  Pharb i t is  seeds.  Plant 
Physiol.  Proc.  of  the  Ann.  Meetings,  Aug.  6-19.  40:  p.25. 


-I}}  (i/ri39o  Olii  -'  )  Oi  9  .3‘i‘idi oT  ,8,1.  hcfc  ,  H.2  «0e 


efi  abouo>  oicd  bs2«i  »i  b  $  s.blvo  o  aaJittcatnz  xri39ai 


o  gnlittvoli  bin  J3v  •  :j  o  e  oait  .  t  .*90tn  s  »« 


■ 

rfjwo-t  ■•  Jfli'  >'jr:03>  &9  1*  91  J  1C  . -U  in  o'*  -  Vf:. 

3  9  io  9t  a  -  3  t  m  in  i  >vu  ,  «■  roi  >  .7 

•  £  ^  ••  i  .i  ■  ;3  ^  -  bn*  .  ,  >^3  i.'iW  .  c! 


.  8  ,  J  .  » '  • 


sc  riiwoi  »:  3  :o  :o9?  ' 

3  .&:  ■■,.  I  ,  .:  r  1  :•  3  l3  n:  o  3  O 

.  80<  -M  *  l?._  .  J:,/-4? 

ji  o  .  «  v  o  :  3/i c  !»ya  i  1 1  '  Oi.  3  £  Jt  3  in  £ 

. 3nn ^1^391 

•  gr/JUssM  . niijc  9*i  :o  .so  .  oievri* 


